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When we set out to create the C5 Corvette? 


winning awards was never our intent. That said, 


it's always nice to be recognized by automotive 


| 


We're proud to announce that the C5 Corvette is the 
recipient of the 1998 Motor Trend Car of the Year Award. 


| 


cognoscenti. Our aim was to make а sports car that 


handles superbly, whether a coupe or a convertible. 


To achieve that end, it was critical that we didn't 


chop the top off a coupe and call it a convertible. 


Rather, we had to design the newest Corvette as 
a convertible right from the outset. It was the 
best way, the only way in our minds, to make 
a car with extraordinary feel and handling. 


Stiffness and Strength We didn't want this car to 


suffer from the ride setbacks other convertibles 
typically have. One particular concern was how 
to avoid cowl shake, a common side effect of 
removing a car's roof. So, we made the structure 
very rigid. The previous 48-piece frame rails 
were replaced with twin seamless hydroformed 
tubes. Our new hydroformed frame rail is much 
more durable than a welded-up one. In fact, the 
structure was tested to endure up to three life- 


times of Corvette usage. And not only is the C5 
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(The honest-to-goodness trut 


If we had just removed the roof, 


By David Hill, Cor] 


as a سے‎ ш ا‎ - - = =— 


{The C5 was designed without a roof from the beginning so we 


four-and-a-half times stiffer structurally than its 
predecessor, it also has a lower curb weight. 
The difference in rigidity is immediately notice- 
able; lateral shake is virtually gone. Ride and 


handling are coupe-like. 


Г 


vout the C5 Corvette, after all.] 


would have been a tragedy. 


te Chief Engineer 


уша make a world-class sports car that's also a convertible. | 


А User-Friendly Convertible Once we perfected the 
structure, our next priority was to make every 
millimeter of the car work for the driver, especial- 
ly in terms of comfort, spaciousness and cargo. 


We wanted the car to be easy on the driver, a rare 


feat in convertibles. So, the controls and functions 
were placed where it would be natural to reach 
for them. Entry and exit are easier because door- 
sills are almost four inches lower. We've increased 


the hip, shoulder and leg room. There is four times 


more cargo space with the top down than with a C4. 


Partly responsible for this are the run-flat tires, 


which make a bulky and weight-adding spare tire 


unnecessary. (The instrument panel will alert drivers 


when a tire needs air.) These measures were taken 
simply because we wanted customers to avoid 


inconvenience wherever possible. 


Power and Performance An obvious worry was 
whether we would lose the true spirit of a sports 
car by making it too civilized. We went to great 
lengths to keep that spirit alive. The newest 
Corvette has an aluminum small-block V8 that 
produces 345 horsepower at 5600 rpm, 350 lb.-ft. 
of torque at 4400 rpm and, in coupe form, achieves 
а 175-mph top speed. 

Although it delivers more horsepower and 
torque than the iron version it succeeds, the 
C5 engine weighs 44 pounds less and is smaller 
in size. Basically, we packed more power into a 
more compact unit. We could keep the hoodline 
low, which would improve both aerodynamics 


and driver visibility. 


Making No Compromises Perhaps the most vocal 
customer opinion was that they wanted a no- 
compromise sports car; they didn't want to 
sacrifice ride comfort for the sake of performance. 
We found breakthrough methods to meet those 
requirements. Like the composite, balsa wood- 


cored floor. It minimizes vibrations for the cockpit 


occupants, while being both lightweight and 
strong enough to help deliver a more fatigue- 
free driving experience. 

The stiff new structure and revised suspension 


also demonstrate how there are no take-aways in 


the new convertible. By shifting the transaxle to 


| Design attributes like the nostalgic waterfall make 
the new C5 immediately recognizable as a Corvette. | 
the rear, we opened up more leg room. This also 
freed up room for a structural tunnel down the 
middle of the car, which increased its rigidity. 
That rigidity lets the suspension do its job proper- 
ly; instead of compensating for chassis flex, it 
can focus on the most important things: precise 
handling and a smooth ride. 


The Next Corvette The C5 convertible proves it is 
possible to marry high performance with top- 
down freedom. Simply put, this thing is incredi- 
ble. Even more than the coupe, it will far exceed 
people's expectations. It even exceeded mine. 


See why on the showroom floor. 


Call 1-800-950-2438 
or visit www.chevrolet.com 
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Introducing the HP CD-Writer Plus. 


Ап amazing new rewritable CD drive that actually lets you 


create your own CDs. They're as easy to use as floppies, but with 


room to store and share up to 650 megabytes worth of photos, home 
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Expanding Possibilities 
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and play them on your home stereo.) Now youll have your 
most important stuff handy when you really need it. Visit 


www.hp.com/go/cdr or call 1-800-249-1305 for more information. 


48 PoPuLAR Science Special Report 


A comprehensive inside look at 
our next grand adventure in space. 


А detailed overview of the ISS. 


Much of the ISS will be assembled 
in space like a gigantic Tinkertov 
Бу astronaut construction workers. 


64 Why Build a Space Station? 
The most ambitious space 
engineering project ever isn't 
solely for science and space 
exploration. It's also about 

jobs and international stability. 


70 24 Hours in Space 


? You're aboard as morning breaks 

: on the ISS. Experience a day in 

P the life of a space station astronaut. 
à 16 үү а i S А 

Microgravity research may just 

Е lead to significant scientific 

$ and medical breakthroughs. 
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Stellar Metropolis 
Various visions of 
`* вре habitation 
"prefigure the ISS. 


80 A Wall the Wild Sid 
How hard is spacewalking? Our re- 
porter finds that stepping into an 
astronaut's shoes 1s no simple task. 
Neither is telling up from down. 
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ь 486 The Right Stuff... Again 


American hero John Glenn 


is getting ready to brave 
the dangers of space one 
more time. 


А compendium of unusual space 
station information, including a 
grab bag of space gear, from atomic 
clocks to celestial soda pop. 


96 Space Jalopy 
Mir's problems help make it the 


perfect training ground for ex- 
tended space missions. 


100 Our Man-Made Moons 
The road to space is paved by 
imagination: Here are the ISS's 
ancestors, real and visionary. 


www.popsci.com 
AOL Keyword: popsci 
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DirecDuo™ MAKES THE INTERNET ASTONISHINGLY 
FAST, AFFORDABLE AND ACCESSIBLE TODAY. 
Everybody's getting faster Internet with their dual- 
function DirecDuo dish. That's because they're using 
it to get Turbo Internet" service from DirecPC"—the 
fastest Internet access available nationwide—to get 
connected up to 14 times faster than a standard 
28.8 modem. So thanks to DirecDuo, you don't have 
to wait when you want to see the sites. 


1-800-DIRECPC ext. 117 


wil 


ONE DISH. - 


GET MORE TV TOO. 

Everybody's getting more TV with DirecDuo too. 

And by more, we mean hundreds of great TV channels, 
first-run movies and exclusive sporting events—all with 
crystal-clear digital picture and sound—from DIRECTV" 
and USSB". So contact us today to get more TV and 
faster Internet for yourself. 


www.direcduo.com 


= DirecDuo 


© 1998, Hughes Network Systems, a Hughes Electronics Corporation company. DirecDuo, DirecPC and Turbo Internet are trademarks of Hughes Network Systems, a Hughes 
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A Leap of Faith: the International Space Station 


IS THE INTERNATIONAL SPACE STATION THE NEXT glorious adventure of discov- 
ery and achievement—or the colossal waste of time and money that some critics 
claim? As with so many seemingly impossible quests, the real measure of the ISS will 
play out over time. In one of the most ambitious editorial projects POPULAR SCIENCE 
has ever undertaken, we offer a preview of the ISS: an in-depth look at its origins and 
its promise. From the science experiments astronauts will conduct to what it's like 

to live in space, it's all here. We even spent a few days training with the station's first 
American crew. A pullout poster adds a detailed, fact-filled look at the station makeup. 


One thing is certain: Building the ISS is the most ambitious space engineering project ever undertaken. But that 
in itself is a footnote, not a rationale. Building the ISS is akin to doing the next hard thing. How do you put a value 
on that? Who can put a limit on our capacity to achieve? The ISS is the most cooperative international peacetime 
venture since the formation of the United Nations. Only in war have nations come together on a larger scale. For $9 
a year per person—less than the average cost of what each of us spends annually on snack food—we have an opportu- 


nity to collaborate on a project that can help build a lasting peace for generations. 


As Randy Brinkley, the station's program manager, puts it: “I feel confident that we'll derive benefits far beyond 
anything we can comprehend." This is the real value of the ISS: that which can only be imagined.—Fred Abatemarco 


WHAT DO POPULAR SCIENCE'S READERS think about the International 
Space Station? To find out, we asked visitors to our Web site to take a poll. 
Within two weeks, nearly 2,000 people—93 percent of them men—responded. 
Here's what they've said about the station so far. If you'd like to take the 
poll, go to www.popsci.com. We'll report final results in an upcoming issue. 


1. Were you aware that the Interna- 


tional рее Station is being built? 


16% No 


2. What is the main purpose of the 
International Space Station? 
it scientific 


research 

ЮЭ To ensure the continued existence 
of manned space missions 

7% For ongoing educational purposes 
15% To promote world peace 

14% то defend Earth against possible 
alien invasion 


3. NASA says building the space station 
will cost $9 a year for every person in 
the country. Is it worth the money? 


07% No, Га rather spend the money on 
social problems at home 
7% No, I'd rather have a tax refund 


4. If you had the opportunity to visit 


the space station, would al go? 
112% Maybe 


5% No way you could get те up there 


5. What is the most you would be 
willing to spend for a week aboard 
the space station? 

ЮЗЮ Less than $1,000 

131% $1,000-54,999 
120%155,000-59,999 
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Ш8% $10,000-$24,999 
6% $25,000 or more 
12% The sky's the limit 


6. If you were aboard the space station, 
which food would you miss the most? 
37% Pizza — 

[28% ВИО ег and fries 

2% Ice cream 

HE Potato chips and soft drinks 


MI% Broccoli 


7. What TV show would you ask your 
family to tape for you? 


I229 Seinfeld” 

21655 "CNN Morning News" 
M9. “Monday Night Football" 
19. "ER" 


6% “Baywatch” 


8. Which celebrity would you most like 
to see aboard the space station? 
12695:]olii Glenn 

12895 Captain Kirk 

ИПЭ Sigourney Weaver 

HEWÎ Tom Hanks 

HER Michael Jordan 

5% Socks or Buddy 


9. Select the name you like best for the 
space station. 


onal Space Station 
m 


`30% Freedo 
`22% Alpha 


0% Boondoggle 
4% Fred 


10. Should astronauts be restricted 
from having intimate relationships 
aboard the space station? 
5, it could be distracting or 
dangerous to their mission 
n their own time 

is their business 

"t care 


11. If the Russians are permitted to 
drink vodka aboard the space station, 
the Americans should: 

m alcoholic beverages 
EN BE llowed to drink beer or wine 

П Мате a designated driver 

WI% Bring the mixers (soft drinks) 
105. Be allowed to drink bourbon 


12. Select the statement that best 
describes your views about the station: 
84% Space is a grand adventure—we'll 
learn a lot living and working on a station 
0% I'm not sure, but I'm keeping an 
open mind 

4% It's a total waste of time, money, 
and effort 

1 2% It’s too dangerous to risk human 
life in space when unmanned probes can 
bring back information 


13. Will the average citizen be able to 
visit a space station 20 years from now? 


4z*w Yes —^— 
Пе: асана) 
14. Do you think the U.S. government 


will use the space station to conduct 
secret military experiments? 


No waiting! 
This is where you 
find satisfying taste 
/ at ultra-low tar. 
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SURGEON GENERAL'S WARNING: Smoking 
By Pregnant Women May Result in Fetal 
Injury, Premature Birth, And Low Birth Weight. 


JOH B. CARHETT 


[JOTE FROM NASA 


The International Space Station: 
Striding Toward the Future 


BY DANIEL GOLDIN 
NASA Administrator 


AS NASA MARKS its 40th anniver- 
sary, it is taking a bold stride toward 
the future with the assembly of the 
International Space Station—the 
largest peacetime scientific and 
technological project ever undertak- 
en. It is a tribute and an honor that 
POPULAR SCIENCE dedicates an issue 
to this unprecedented endeavor. 


It’s an endeavor that requires 
focus and planning. In a fitting ex- 
ample of such characteristics, a young 
research assistant working at Prince- 
ton University in the 1940s recount- 
ed how his boss had searched for a 
paper clip. “We had finished the 
preparation of a paper and we were 
looking for a paper clip. After open- 
ing a lot of drawers, we finally found 
one that turned out to be too badly 
bent for use. So we were looking for 
a tool to straighten it. Opening a lot 
more drawers, we came upon a whole 
box of unused paper clips." His boss, 
the assistant said, "immediately start- 
ed to shape one of them into a tool 
to straighten the bent one. When І 
asked him what he was doing, he said, 
‘Once I am set on a goal, it becomes 
difficult to deflect me.'" His boss's 
name was Albert Einstein. This 


focused tenacity and unquenchable 
thirst for knowledge are shared traits 
of POPULAR SCIENCE and NASA. 

The mission of discovery on 
which the United States and 15 other 
nations are embarking will need 
every bit of those traits. The Inter- 
national Space Station will have 
more than an acre of solar panels, 

a pressurized volume equal to two 
jumbo jets, and four times the elec- 
trical power of the Russian space 
station Mir. And more than 100 
pieces will be put together during 
45 space flights over the next five 
years. To say this is a challenge is 
an understatement. 

This world-class laboratory may 
help members of the international 
crew bring us new knowledge to 
unravel physical, chemical, and bio- 
logical mysteries. Or, without the 
masking influence of Earth's pull, 
they may conceive technological 
advances that will strengthen our 
economies. Perhaps their long-dura- 
tion stay aboard the International 
Space Station will lead to amazing 
medical breakthroughs that—one 
day—may save lives. 

The orbiting laboratory serves as 
a symbol of our future. A future that 
embodies the dreams of our children 
and that promises untold discoveries 
for the next millennium. One that 
fulfills our innate human nature to 
explore. And one that benefits all 
people of all nations. 

Just like Albert Einstein and his 
paper clip, NASA will use the Inter- 
national Space Station as a tool in 
an unwavering pursuit of knowledge. 
And, of course, as it has done for 
the past 126 years, POPULAR SCIENCE 
will be there to write the next chap- 
ters in our collective human jour- 
ney of discovery. 

Daniel Goldin, the ninth adminis- 
trator of NASA, has been head of 


the sbace agency since 1992. 
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Century trom 
most expensive | 
luxury cars. _ 


му by Buick. Loaded with luxuries for under $20,000* 
And a Consumers Digest Best Buy. 


You won't know by its look. Or its ride. With dual zone climate control** it will 
probably give you the wrong impression too. Ditto its remote keyless entry, spirited V6 
and long list of standard amenities. In fact, its pretty tough to tell a Buick Century from most 
expensive luxury cars. But now, Century comes with something which should make it easier. А Consumers Digest 
Best Buy Award. It tells you-in no uncertain terms-that “what you get in a...thoroughly modern Century 
is a lot of value for the dollar...." Century by Buick. Its a best buy you can actually afford to buy. For a 
Consumers Digest reprint or for more information, visit www.century.buick.com or call 1-800-4A-BUICK. 


E CENTURY” BUICK О 


ON > Discover a lite luxury. 


Seating for Six / Air Filtration System / Dual Zone Climate Control / Remote Keyless Entry / 3100 V6 with Automatic Transmission 


[вы |" ©1998 GM Corp. All rights reserved. Century is a registered trademark of GM Corp. Buckle up, America! "MSRP includes destination charge. Tax, 
title, license and optional equipment additional. "Dual zone climate control is not standard but is included in the price shown. 


EDITED BY SUZANNE КАМТВА KIRSCHNER Research by Carleste Hughes 
and Kim Fraser 


Shadow of Io Shadow of ^ Shadow of Io Triple Eclipse 
— Io three moons 
WHEN ONE OF Jupiter's 16 moons 
- P | d passes between the giant planet and: 
| 4 | ый CP 7 И | | the sun, it casts a shadow on the 
c-—— | mig’ "> [зг planet's surface. Because Jupiter has 
| ыы isto | so many moons, their shadows some- 
Shadow of Shadow of Shadow of Merged shadow of times cross paths. That's what hap- 
Callisto Ganymede Ganymede Ganymede and Callisto pened on November 10, 1997, when 


astronomers using a telescope at New 

Mexico State University observed a merging of the shadows 
More than Mess ages cast by three Jovian moons—Callisto, Io, and Ganymede, | 

Such a triple solar eclipse, say scientists, happens 
TEXAS INSTRUMENTS' Advantra | — only once or twice a century on Jupiter. 
enhanced messaging organizer sas M =... 
is an alphanumeric 
pager and electronic 
organizer. The palm- 
size device matches 
incoming numbers with 
listings in the address 
book to provide sender ID 
and, if you've categorized 
the listings, differentiate 
between business and personal 
pages. Its PC Link cable pro- 
vides one-touch synchroni- 
zation with your desktop. 
Price: $250. Cost of paging 
service depends on provider. 


www.ti.com/Advantra Sporty and Roomy 


TOYOTA'S NEW SOLARA is a sporty midsize coupe based on 
the current Camry chassis. Engine choices are a 200-horse- 
power 3.0-liter 24-valve V6, or a 136-hp 

four-cylinder, Suspension is similar to s 


А and independent suspension 
in the rear. The Solara 


will come with antilock —= 
brakes and leather A . 
seats standard. The | 
price has not been NS 
announced. 
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 IJHAT'S NEW 


Try Before 
You Buy 
PETER NORTON-PC 
Guru not only tells 


you how to use a | 
your Windows PC for № ШЕШ 
б. 
М. 


Straight-Up 
Stapler 


STAPLERS ARE often held 
vertically. That's why Hunt 
Manufacturing created the 
Boston StandUp stapler. The 
Deluxe model (shown) fea- 
E tures a built-in staple re- 
A mover. Price: $15 to $25. 
E Hunt Manufacturing, One 
"à Commerce Sq., 2005 

Market St., Philadel- 
DO" phia PA 19103. 


such activities as personal finance, publishing, and gaming, but 
also provides trial versions of software programs. The two-CD- 
ROM set holds more than 30 titles, including Microsoft Flight 
Simulator, Lotus Organizer, and Adobe Photoshop. Price: $30. 
MediaX Corp., 8522 National Blvd., Culver City CA 90232. 


Drop Till You Stop 


STANDING 300 feet with a 
240-foot drop, the Power 
Tower is the tallest drop 

ride in the world by 30 feet. 
Opening this month at Cedar 
Point in Sandusky, Ohio, the 
Power Tower uses 300 pounds 
of compressed air to shoot 
riders straight up, imposing 
gravitational forces equiva- 
lent to those experienced 
on a space shuttle launch. 
Seconds later, riders plum- 
met to earth at speeds 
greater than 50 mph. 
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Voice-Command Headgear 


CHANCES ARE, you've been yelling at your computer games 
for years. Now, if you strap on UR Gear, the games will obey. 
The headset recognizes 20 words for performing simple tasks. 
You navigate by moving your head. A receiver plugged into the 
computer's serial and game ports tracks and relays your move- 
ments. For "twitch" input, like rapid firing, a handheld 
controller is included. Price: $99. Video Computers, 
Via Antonelli, 36 Torino, Italy. www.union-reality.com 
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Not Just Show Biz 


BUICK HINTS that it may join in the sport-utility 


mania, displaying the Signia concept car, a 
cross between a conventional station wagon 
and an SUV. Its bulbous shape is based on 
the current Park Avenue chassis, with four- 
wheel drive. А powered panel extends out 
the back for short hauling, and the rear 

hatch can be removed to fit tall items. 


Heating with Fire 


HEAT generated by Heat-N- 
Glo's 6000XLT gas fireplace 
can be used to warm other 
rooms with the Heat-Zone 
system ($239). A fan 
draws hot air out of 

the fireplace and 
distributes it 
through flexible 
ducting. For 
warm climates, 
the Heat-Out 
system ($199) 
vents outdoors, 
50 you can enjoy 
the flame with- 
out sweltering. 
Price: $1,649. Heat-N-Glo 
Fireplace Products, 6665 W. 
Hwy. 13, Savage MN 55378. 
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Field Scope 


WEIGHING A mere 23 
‘ounces, Nikon's Naturescope 
20X portable microscope 
makes field work easy. A de- 
tachable plate serves as a stage 
for solid specimens, and a built-in 
cup on the reverse side holds liquids. 
Without the plate, the Naturescope 
can be used to observe i 
objects as far as 50mm 
away. Price: $672. 
Nikon Inquiry Re- 
sponse Center, 28 | 
Brandywine Dr., Deer Park NY 11729. 
 Www.nikonusa.com 


Exhaust gas 


t- Outside air 
intake for 
combustion 


Blower to 
heat room 


Camera-like Camcorder 


E- Exterior wall | | 4 


THE TINY CANON ZR digital video camcorder 
has a horizontal orientation— 4 by 3% by 
2% inches—for a feel that's more like that 
of a still camera. The 19-ounce camcorder's 
2.5-inch color LCD pops out and can be ro- 
tated 180 degrees. A clip-on shade turns the À 


y — Fan LCD into a viewfinder. Price: $1,999. Canon 


U.S.A., One Canon Plaza, Lake Success NY 
_ 10042. www.canondv.com 
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"How | fit 1 speeding downtown bus, STEPHEN HUNTER FLICK 


Sound Designer 


a crippled lunar lander, and 


As the two-time Academy Award- 
winning sound effects specialist 
5 car-tossing tornados into a ве incide Se iM SUP 
Apollo 13, and Twister, Stephen 
Hunter Flick works with major movie 
C H S J 99 studios creating some of film's most 
| N | 0 | А [2 Е й incredible effects. From compiling 


over 2,000 sound files to create a 


massive tornado to transporting or 
even cutting straight to digital pic- 
ture, Stephen's work takes big space. 
With his Jaz drive and its sustained 
transfer rate of up to 6.62MB per 


second, he can back up 1 whole 


gigabyte in as little as 10 minutes. 
The Jaz drive not only gives him the 
flexibility to run applications and 
files straight from disk, it's also 
compatible with nearly all operating 
systems. So while Stephen's work is 
truly larger than life, it still 

fits neatly into his pocket 


Find the Jaz drive at 
your local computer 
retailer or visit us at: 


www.iomega.com 


Creative Cafe 


1GB 
mega 


Super-Fast, Extremely Vast 
PERSONAL STORAGE DRIVE? 
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Compact Rack 


THE HARMON/KARDON Festival 80 is a Dolby surround sound 
system in a small, elegant package. Amplification for the sys- 
tem's five speakers 1s housed 1n the subwoofer's cabinet. And 
the compact rack includes a seven-CD changer and an AM/FM 
radio that displays song titles and other broadcasted Radio 
Data System information. Price: $2,199. Harmon/Kardon, 250 
Crossways Park Dr., Woodbury NY 11797. 


Dick Tracy 
Goes to Japan 


NAGANO Olympic Com- 
mittee members used 
this prototype wireless 
wrist phone, called 
Wearable Communica- 
tions, during this year's 
Winter Games. The 1.6- 
ounce phone provides 60 
minutes of talk time with 
its lithium-ion battery. 
There are no plans yet 
to introduce the phone. 


Teflon Socks 


TO HELP STOP blisters and 
calluses from forming, Blis- 
ter Guard socks won't 

stick to your feet. Fibers 

of slippery DuPont 
Teflon are woven into 
the heel, toe, and 
pad (dark thread, 
inset) of the socks. 
The Teflon lets the 
socks glide over your feet, 
virtually eliminating the fric- 
tion between your feet and 
shoes. The Blister Guard sys- 
tem is available under vari- 


Sink drain 


ous store and brand names. Septic Solution E № 
Price: $5 to $15 a pair. PTFE, 

125 Melbourne Dr., Athens YOU WON'T HAVE to worry about food clogging 

GA 30604. your septic tank with In-Sink-Erator's Septic Dis- 


poser. The garbage disposal system comes with a 
cartridge that injects enzyme-producing microorgan- EP up | 
isms into the grind chamber. These microorganisms nego. a IBio-Charge 
digest food and other wastes, reducing sludge buildup Duc БЕР cartridge 
and accelerating the process of decay. Each $9 Bio-Charge | 7 
cartridge lasts about four months. Price: $189, plus installation. 
In-Sink-Erator, 4700 21st St., Racine WI 53406. 
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YOU CAN'T PICK YOUR RELATIVES. 


BUT YOU CAN EDIT 


THEM OUT OF YOUR VIDEOS. 


2 = mee ГЕ UY E tra Ba 
_ The coolest way to 


- x B Ed "n 
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 editr пы лтейа on your РС. 
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Visit: www.iomega.com 


So Uncle Floyds belching talents оп 
your home video aren't a hit. Well, 
lucky for you, there's Buz Multimedia 
Producer.” The complete hardware and 
software package that lets vou create 


home videos and add digital pictures 


а single connection to and from your 
camcorders and VLRs, and from your 


CD and DVD players, to your desktop. 


* Professional quality video: 720 x 480, 


"ү Ен = у ў - н, | P mri СГ 
30 fps, 24-bit color, and NTSC/PAL. 


ES | r = а Га | ¬ mb 2T. 
дгарп1сѕ, and audio Sortware thai 


= > — m pm ms part T 
gives your ndeos and pictures 


some really hot special effects. 


« UltraSCSI Controller connects right 
to your scanner, DVD, CD-ROM, Jaz 
or Zip drive. 20MB/sec. transfer rate, 


plug and play, bootable 


WHA 


< String-Dispensing 
Trimmer 


THE BLACK & DECKER Grass 
Hog string trimmer dispenses 
string as needed. Inside the 
trimmer head, the weight of 
the string is balanced against 
a lever. As the string short- 
ens, it loses weight, causing 
the lever to drop and about 

1 inch of replacement string 
to shoot out. The weight of 
the longer string then forces 
the lever back up. Price: $59. 
www. blackanddecker.com 


A Shot in the Dark 


SHOOT THROUGH even the darkest nights with 
Sony's Handycam Vision Series camcorders 
equipped with NightShot. The infrared technol- 
ogy lets you capture images as far as 10 feet 
away (shown on Model CCD-TRV85). Other fea- 
tures include a wireless connection to your TV 
and a 1-hour lithium-ion battery that charges in 
15 minutes. Price: $799 to $1,399. 


Speakers as Art 


THE GEKKO FLAT speakers are 

as pretty as a picture with their Art 
Gekko colorfully printed grills. And at 

less than 2 inches deep, they look like framed artwork when 
they're hung on a wall. The speakers come in three sizes: 9 by 
11, 11 by 14, and 18 by 24 inches. Price: $500 to $2,000 de- 
pending on size and grill. Noise Cancellation Technologies, One 
Dock St., Suite 300, Stamford CT 06902. www.nct-active.com 
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Digital Pro 


CANON AND KODAK have 
teamed up to produce one 
of the most advanced pro- 

fessional digital cameras 

ever. The Canon EOS D2000 
and Kodak DCS 520—the 
only difference is the 
name—combine Kodak's 
two-megapixel (1,736- 

by 1,160-pixel resolution) 
CCD sensor and color cali- 
bration with Canon's EOS 
lense. They also feature 

a 1.8-inch color LCDscreen. 
Price: $14,995. www. kodak. 
com/professional or 

www, иза.сапоп.сот 
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TACOMA 4x4 


As always, 


Bone-jarring road ruts. Faith-confirming inclines, And mountain trails so barbaric, 


winning involved 


they're just this side of legal. It's no wonder the Tacoma 4x4 annihilated the 


a little mud slinging. 


competition to unanimously win Four Wheeler's Pickup Truck of the Year. 


4 Tacoma. Four Wheeler magazine’s 1998 Pickup Truck of the Year. 


TOYOTA | everyday 


© 1998 Toyota Motor Sales, U.S.A., Inc. Buckle Up! Do it for those who love you. 


А t T he Rate 


Week & !/2 


Per Day, You 


On average, puppies in their first year of life grow up 
ten times faster than humans. (And you thought your 
childhood went fast.) So wouldn’t it make sense to 
feed them a diet filled with extra protein as well as 
other wholesome nutrients? We thought so, 

t 
which is how we came up with Purina ONE“ 


brand Puppy Formula. The first ingredient is 


real lamb. Апа in case you didn't know it, 


'd Need A 


Special 


Foo d, T o o. 


m m 
c Рыбы 


Real Landy 
Ра Глан fF dager 


re. 


O f 


lamb is a great source of protein that, along with 
other high-quality ingredients, makes Purina O-N-E 


especially easy to digest. So their 
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EH 
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growing bodies can use every ~, 
yc m 
bit of the food’s nutrition, у = 


8 


which is important when you're going 
through adolescence at the speed of light. For 


a free sample, call 1-800-787-0078, ext.44. 
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(21997 Ralston Purina Company 
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Very Low Orbit 


AEROSPACE ENGINEER Burt Ru- 
tan’s latest aircraft is nearing com- 
pletion at a hangar in Mojave, Cali- 
fornia. Called the Proteus, the 6-ton 
plane has a tail-first design with twin 
tailbooms, and slender gull wings 
spanning 95 feet. The all-composite 
Proteus looks conventional by Rutan 
standards, but its mission is unique. 

Angel Technologies, the St. Louis 
company funding the development 
of the Proteus, intends to use the 
plane as a low-flying satellite to pro- 
vide ultrafast telecommunications to 
big cities. With antennas as small and 
inexpensive as direct-broadcast TV 
satellite dishes, customers will be able 
to bounce signals off the plane's belly- 
mounted antenna rapidly enough for 
two-way videoconferencing, high- 
resolution image transmission, and 
other speed-hog applications. 


Angel network 


Flying in Circles 


gateway 


The high-flying Proteus 
aircraft relays conversations, 
images, and documents 
between homes and 
businesses within 

a metropolitan 
area. Subscribers 
reach outsiders 
through a gateway 
linked to telephone lines 

and Internet service providers. 
The airplane-based telecommuni- 
cations system is said to be faster than 
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а satellite service, and startup costs аге lower. 
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The airplane’s twin Williams ЕЈ44 
turbofan engines will produce 10 
times as much electrical power as a 
satellite's solar cells, and because the 
plane is closer to the ground than a 
satellite, signals travel faster with less 
power. The result is that the Proteus 
will relay data at a rate of 16 gigabits 
per second— 100 times as fa ^ элу 
existing satellite. The airplane i 15 ex- 
pected to cost less than $5 million, 
versus $100 million mere y to launch 
a satellite, and its l-ton electronics 
package can be repaired or upgraded 
on the ground. | 

Three airplanes could provide 24- 
hour service to as many as 500,000 
terminals, depe ending on the average 
level of traffic, the company says. As 
well as bringing high-speed coverage 
to European and American cities, the 
Angel system could supply voice ser- 


Roof-mounted 
tracking antenna 
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) Proteus airplane with 
antenna on its belly 


о cities lacking a modern phone 
"The first Angel network could 
tional within a few years. 

Buil It by Rutan’s Scaled Compos- 
ites company, the Proteus plane at 
the heart of the Angel system will 
have two pilots. The cabin includes 
a seeping area, т the airplane 
in stay airborne for 18 hours. The 
lane will cruise at 52, 000 feet, higher 
than other commercial traffic and 
above most weather 

Named after a shape-changing 
A n god, the Proteus is designed 

arry a variety of pods or anten- 

nas fora wide range of potential 
civil and military missions. Rutan 


thinks the plane may even be useful 


asa platform for launching reusable 


| 


rockets into space.— Bill Sweetman 
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Moving Mountains 


THE GIANT continental plates that 
make up Earth's crust typically move 
only a few inches a year, about the 
speed fingernails grow. Until recently, 
scientists measured the plates' move- 
ments by studying changes in the ge- 
ologic record over millions of years. 
Now, with the help of Global Position- 
ing System satellites, geologists can 
observe plate motion in real time. 

In a recent study, a team of U.S. 
and Peruvian scientists led by geolo- 
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gist Seth Stein of Northwestern Uni- 
versity placed GPS-tracking antennas 
at 43 locations all over South Amer- 
ica to study the convergence of two 
massive plates over a two-year period. 
The researchers measured about 3 
inches of motion per year. A small 
portion of that motion is pushing the 
Andes Mountains upward, at a rate 
of about 0.3 inch per year. About 
half of the motion is building up as 
stress along the boundary where the 
plates meet, and will eventually be 
released by earthquakes. The GPS 
measurements can help predict when 
the earthquakes might оссиг.— 0.5. 


Solar Puzzle Solved? 


AT THE CORE of our sun is a thermonu- А 


clear furnace where fusion reactions 


create the titanic energy that streams 
through the solar system and sustains 


life on Earth. 
The temperature. 
at the sun's cen- 
teris some 15 
million degrees 
Celsius. The sur- 
_ face is a rela- 
tively cool 
6,000°С. 
But above 
the surface, 
in the sun's 
corona, the 
outermost layer 


of the sun's at- 
mosphere, some- 


thing inexplicable occurs. The temper- 
ature, first measured 55 years ago, is - 


a blazing 1 million degrees or more. 
How can the corona be hotter than the 
sun's surface? Thermal energy does - 


not normally move from a cooler area _ 


to a hotter one. For 55 years, solar - 
astronomers have struggled to find 
an explanation for their observation. 
Now findings from the Solar and 
Heliospheric Observatory (SOHO), a 
joint mission of the European Space 


_ Agency and NASA, may have solved. 


the puzzle. Instruments aboard the 
craft reveal a rapidly shifting pattern 


| of magnetic. loops on the sun's sur- 


face, which correlate with brighten- 
ings of hot. ares in the corona. 

"We think. 
we've discov- 


mental process 

Бу which the 
corona is 
heated," says 
Alan Title of 
the Stanford- 
Lockheed Insti- 
tute for Space 


_ Alto, California, 
"even though 
we don't know 
precisely how 


it works. Magnetic fields appear and 


disappear in areas the size of Califor- 
nia within a few days. The energy they 
contain is about the amount that a 
thousand Hoover Dams would produce 
in a thousand years. When the fields 
collapse, they generate huge electric 
currents that act on the highly con- 
ductive corona. It's like the heat gen- 
erated by a lightning bolt. There is 
more than enough energy to heat the 
corona. к E 


ered the funda- 


Research in Palo 
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Blind Pursuit 


CLAWS AT THE ready, the tiger bee- 
tle launches into a high-speed run 
after his prey. Suddenly, the beetle 
stops dead in his tracks. After a brief 
pause, the chase resumes. Апа then 


The tiger beetle Cincendela repanda hunts 
its prey in stop-and-go dashes. 


the beetle abruptly stops again. 

What's going on? That's what 
scientists have wondered about the 
puzzling hunting tactics of tiger 
beetles. The beetles pause for only 
about a half-second, which is not 
long enough to give their legs a rest, 
if that were the problem. 

Now entomologists at Cornell 
University have an explanation for the 
strange behavior: The beetles tem- 
porarily go blind. “If the tiger beetles 
move too quickly, their eyes don't 
gather enough photons [light] to form 
an image of their prey,” says entomol- 
ogist Cole Gilbert. "That is why they 
have to stop, look around, and go." 

Even after stopping three or four 
times during a chase, the beetle still 
manages to overtake its prey. The 
insect races along at 0.5387 meters 
per second, or about 1.2 miles per 
hour. That doesn't sound impressive 
until you consider that it's the 
equivalent of a human running the 
200-meter dash in about 2 seconds. 

The researchers hope their stud- 
ies of the beetle's photoreceptors, 
which gather photons of light to make 
images, will lead to better visual sys- 
tems for robots. "You don't have to 
have the fastest optical sensor if you 


sample intermittently [like a beetle]," 


says Gilbert. —M.D. 
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Coffee Rings Explained 


WHY DO RINGS form after a spilled 
drop of coffee has evaporated? 
“There’s something very bizarre 
about them,” says physicist Sidney 
Nagel. “The stain isn’t where you 
would have thought.” After all, a 
drop is thicker in the middle, so 
why wouldn't more material be de- 
posited there? When Nagel couldn't 
find an answer to this question, he 
recruited colleagues at the Univer- 
sity of Chicago to help him research 
the problem. They learned some- 


thing new about how liquids behave. 


The team— including a mathe- 
matician, theoretical and experi- 
mental physicists, and graduate 
students—found that coffee gets 
“pinned” at the perimeter of a drop, 
where the liquid edge snags on mi- 
croscopic rough spots in surfaces 
like countertops. As the liquid evap- 
orates from the drop's exterior, 
more material is pulled outward to 


3 Liquid evaporating at — 
the edges is instantly — 
replaced. 


replace it. "That makes the pinning 
effect even stronger," adds Nagel. 
What's left: a dried ring. 

These rings form when any liq- 
uid dries, from water spots on china 
to dried paint “doughnuts” in a fac- 
tory, so the finding has implications 


MEDICINE 
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for industry. "Once you understand 
why something happens, you can 
figure out how to control it," says 
Nagel. One application he envisions 
is creating fine wires of gold, for 
electronic circuitry, from elongated 
droplets.— Mariette DiChristina 
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IN ONE OF THE most unusual examples of East-West collabo- 
ration since the end of the Cold War, scientists at two nuclear 
weapons laboratories are working together to build a better 
prosthetic foot. 

The idea is the brainchild of Mort Lieberman, a researcher 
at Sandia National Laboratories in New Mexico. It all began 
at a meeting where Lieberman heard a physician discuss the 
contributions medical technology could make in Africa and 
Russia. "As soon as he mentioned Russia," Lieberman recalls, 
“Т thought of getting Russian nuclear scientists to work on 


- Rolling ball joint zh. 


A more flexible prosthetic foot is the goal of a peacetime collabo- 
ration between Russian and American weapons designers. 
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a prosthetics project, as part of the Initiatives for Proliferation 
Prevention." That program, supported by the U.S. Department 
of Energy, helps Russian nuclear weapons scientists find peace- 
time employment, so that they won't be tempted by Faustian 
offers from countnes like Libya and Iraq. 

Lieberman's brainstorm has enabled eight materials scien- 
tists at Russia's notorious Chelyabinsk-70 weapons lab to focus 
their expertise on a prosthetic foot design patented by Tufts 
University professor Mark Pitkin. The foot will be the first to 
contain a rolling ball joint, rather than a pin joint, to more 
closely approximate the action of a real foot. That should make 
the device more acceptable to amputees, many of whom find 
existing prostheses uncomfortable. 

"We're asking the Russians to look at everything that holds 
the foot together," says Jim Colvin, director of engineering for 
the Ohio Willow Wood Co. of Mt. Sterling, Ohio, which will li- 
cense the prosthesis. For example, the Russians will select the 
optimal material for the foot's elastic bands, which must make 
initial movement easy but provide stability when stretched. 

Funding for the collaborative project comes from the 
Department of Energy and the National Center for Medical 
Rehabilitation Research.—Arthur Fisher 
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GM’s Clean Family 


GM’S ELECTRIC car, the EV1, now 
provides the building blocks for a 
series of alternative-drive derivatives 
that use the basic EVI electric-drive 
system as the primary propulsion. 
Slow sales have hindered produc- 
tion plans for the EV1, but the ex- 
perience gained in building the EVI's 
AC induction motor and transaxle 
combination has lead to significant 
cost reduction, the company says. 
GM notes that its production of the 
ЕМУ] powertrain continues to lower 
the price tag for electric drive, and 
predicts that the company will be able 
to achieve the one-third reduction 


Power elec- 
tronics bay 


Diesel engine 


Two versions of a hybrid drive 
have been adapted from GM's 
EV1: parallel drive, where a diesel 
is the main power source or a way of 
recharging the battery (above); and a series 


drive—a turboaltemator charges the battery (below.) 


Battery pack 


in cost that will enable its drives to 
be competitive with gasoline engines. 

The ЕУІ is powered by lead-acid 
batteries, soon to be supplanted by 
an optional nickel-metal-hydride 
power pack. Range still is limited, 
and research continues on alterna- 
tive drive systems. GM recently un- 
veiled a total of four experimental 
power systems, all showcased in pro- 
totype EV 1 cars, displacing the origi- 
nall all-electric drive—although three 
depend on the original EV1 electric 
transaxle. The four drive systems 
are under development in GM’s ad- 
vanced-research program. 

One is a series hybrid, with the 
battery charge maintained by a light- 
weight gas turbine generator. This 
dramatically extends the range com- 
pared with an all-electric car. A sec- 
ond is a parallel hybrid, using both 

the ЕМ1 electric motor and a 
> direct-injection diesel. The 
two work in tandem to 
recapture energy lost 

to braking, while GM 
claims acceleration 
would be quicker than 
that of a BMW. Third 
is a fuel cell car, which 
converts hydrogen to elec- 
tricity. Fourth is a natural-gas- 
powered version, the most conven- 
tional of the lot. A 1.0-liter turbo- 
charged engine provides the equiv- 
alent of 60 mpg, with good accelera- 
tion and a 400-mile cruising range. 
The basic concepts demon- 
strated mirror work done 
at other companies, but 
GM says its electric-car 
experience can lead to 
significant cost reduc- 
tions of heretofore ex- 
pensive components, 
paving the way for pro- 
ducible alternative-drive cars 
starting in the year 2000.—D.M. 


PREVIEW DRIVE 


Grander Grand Am 


LONG A STAPLE of the small-car uni- 
verse, Pontiac's 1999 Grand Am 
metamorphosizes into a credible 
midsize sedan, with a coupe deriv- 
ative on the same chassis. The re- 
sult 1s a vehicle that retains its 


The 1999 Pontiac Grand Am embraces 
familiar styling on a new chassis. 
sporty feel while gaining appeal as 
a car for larger families. 

An expanded 107-inch wheelbase 
puts the Grand Am in the company 
of today's Accord and Taurus midsize 
cars. The stiff chassis reduces inte- 
rior noise and aids ride control. 

Initially, the Grand Am will be 
launched with a 2.4-liter 150-horse- 
power four-cylinder engine and an 
optional 3.4-liter 170-hp V6. A high- 
output V6 will be added later this 
year. The higher torque of the V6 
is noticeable in highway passing. 

А hydroformed engine cradle 1s 
bolted to the frame, and a new tri- 
link, fully independent rear suspen- 
sion replaces the old torsion beam. 
The new suspension/chassis combi- 
nation keeps the rear end planted 
solidly on uneven pavement. 

This new Grand Am has a roomy 
rear seat, and a legible 1f slightly 
overstated instrument panel. The 
seats now are supportive enough 
for long drives. 

With these changes, the Grand 
Am has matured into a pleasing, 
well-rounded package with a solid 
feel, whether you're slamming the 
doors or out on the highway. And 
its base price of below $17,000 is 
highly competitive.— D. M. 
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New Diesels for SUVs 


DETROIT DIESEL, one of the largest 
manufacturers of heavy-duty truck 
diesels, recently announced three 
new light-duty diesels intended for 
light trucks and sport-utilities. 
Small diesel engines peaked in 
popularity in the late 1970s in the 
United States during the energy 
crisis, then declined as fuel prices 
dropped. Problems with emissions, 
particulates, and noise accelerated 
the decline in this country. Mean- 
while, light diesels in Europe, en- 


PHEVIE 


New, lightweight 
diesels are aimed 
at future light trucks 
and sport-utilities. 


couraged by tax 
policies and high 
gasoline prices, ad- 
vanced in both 
passenger cars 
and light trucks. 
Detroit Diesel 
recently expanded its 
small diesel line to six 
engines. A new series of small di- 
rect engines ranging from 1.4 to 4.2 
liters are under development. These 
use electronic fuel control, com- 
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Pint-Size Perfection 


DESPITE THE it-takes-a-second-glance- 


to-tell-that-it's-new styling, the 1999 


Miata is a stem-to-stern redesign—all- 


new sheet metal, stiffer chassis, wider 


track, revised front suspension geome- 


try, more power, and about the same 
curb weight. 


These changes all add up to a better 


Miata—more eager, more agile, and 
easier to manage in quick maneuvers. 
The new Miata is also a bit quieter in- 


side; the headlamps no longer pop up; 


glass replaces plastic in the convert- 
ible top's rear window; and now there's 
storage space under the rear deck lid 
for a couple of golf bags. 

It has the same 1.8-liter twin-cam 
16-valve four-cylinder engine, but now 


yields 140 horsepower and 119 foot- 
pounds of torque, compared with 133 
and 114 for the previous generation. 
We had an opportunity to barnstorm 
the byways of the Big Island of Hawaii 
in the new car, as well as wring it out 
on a nearby airport autocross. And 
while the changes are subtle, it's a bit 
quicker and distinctly easier to herd 
through a slalom. The previous car's 
tendency to go into snap oversteer— 
sports-car-speak for sideways—has 
been reduced to manageable levels. 
Manageable also applies to the price 
tag. The base model is expected to 
start at about $19,500, some $10,000 
less than a basic BMW Z3. (The Miata 
also is quicker than the Z3 four-cylin- 
der.) With a top-of-the-line leather 
edition, it maxes out at about $27,000. 
The bottom line: The 
Miata still is pure sports 
car, still delightful, and 
still the only sports car 
that can reasonably be 
called affordable. If 
you've been waiting for 
this one, we think 
you'll find it well worth 
the wait.—Tony Swan 
The 1999 Miata's most 
visibly new feature is 


the headlamps, which 
no longer pop up for use. 
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mon-rail fuel 
injection, and a new 
kind of injector that 
squirts a small 
. amount of fuel 
END to begin the com- 
bustion process, 
with the main 
injection millisec- 
onds later. This dra- 
matically reduces the 
knocking sound of a 
direct-injection system. 
The broad range of engines 
could have significant impact on fuel 
consumption of light trucks, notes 


Detroit Diesel. —D. M. 
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Hands-Free Ferrari 


THE EXOTIC F355 ЕІ Ferrari intro- 
duces one of the first true electroni- 
cally controlled manual gearboxes 
for street driving. 

The gearbox has been adapted 
from a transmission developed for 
Formula One race cars; its purpose 
is to retain the efficiency and durabil- 
ity of a manual gearbox while adding 
the speed of automatic shifting. Six 
hydraulic servos declutch, shift, and 
re-engage the clutch to make a shift. 
A computer intervenes to modulate 
the throttle to match the shift. The 
result is something like a robot do- 
ing the declutch-and-shift routine, 
instead of the driver. 

The gearbox is controlled by two 
paddles located under the steering 
wheel—which allows quick shifting 
without taking either hand from the 
wheel. An automatic position is avail- 
able as well to make the transmission 
act more or less like a conventional 
automatic would. 

Shifts are quick and snappy, lack- 
ing the damping effect of a conven- 
tional hydraulic torque converter. The 
system does, however, add more rac- 
ing spirit to the $144,000 D355 F1, 
for a meager additional $9,500 for 
the option.—D.M. 
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№ 61097 GM Corp. Buckle up, America! 
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Been to hell and back. 
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Chevy S-40 Like A Rock 
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IN LAUNCHING THE first all-new version of its 3 Series sedan 
in eight years, BMW has added a generous helping of ad- 
vanced technology and luxury features originally introduced 
in its costlier models. 

Consider safety, for example. BMW's distinctive headbag- 
protection system migrates from the 5 and 7 Series. Critical 
to this system is a tubular bag, mounted on the roof frame, 
that supplements the side bags. The new bag protects the 
head by expanding downward 
against the side window. 

Then there's handling, 
where microprocessors guard 
against skids, spins, and other 
perils. The most sophisticated | КИ 
system, dynamic stability - = E Щ Ш Mm 
control (DSC), an option, en 


The BMW 3 Series’ high-tech 
features add to the luxury 
image of its most compact line. 
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helps maintain balance during cornering and swerving. DSC 
takes over—it can apply the brakes individually on any of the 
four wheels and reduce engine power— when it senses loss 

of control. ABS and traction control are standard. The elec- 

tronic controls were especially reassuring during a stint on 
narrow, mountainous roads outside Jerez, in Southern Spain. 

Both the 2.5-liter (323i) and 2.8-liter (3281) dohc 24- 
valve inline sixes come with BMW's variable intake and ex- 
haust-valve timing system. This boosts torque at low speeds 
and helps decrease emissions. Because the car is 1.2 inches 
longer and wider than its pre- 
decessor, there's a bit more 
head- and legroom. 

The sedans should be avail- 
able by August. BMW notes 
that prices should probably 
be about 1.5 percent higher 
than last year's models and 
are expected to start just 
under $30,000 for the 3231. 
—Bob Sillery 


THE NEW INTERIOR OF THE CHEVY 8-10 
7 OR m~ ney 

— LIVING IN THE WIDE OPEN SPACES OF 

г THE GREAT INDOORS. 


1-800-955-2848 


www.chevrolet.com 
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Ponular 
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With a push of the hand the all-weather 
Coleman® Pack-Away' Lantern folds down 
to become its own self-contained storage case. 
Since it uses batteries and a long lasting krypton bulb, 
it's perfect for use in a tent or by children. 


High Impact Polystyrene 
от 5" 
4, D Cell Batteries (not included), Alkaline Recommended | 
$19.99 | 


[HE-QUTDOOR RECREATION COMPANY 
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A lot has happened in lawn tractor design in the past few years. Most of it at Murray. YN 
Because instead of building a lawn tractor from the mower up like everyone else, we —ÉÉ'— € 
decided to design one from the driver down. The result is a whole new way of thinking МАУ 
we call WideBody Engineering. Thinking that gives as much consideration to the arms, E 
legs, lower back, seat and patience of the person whos going to operate our tractor, eA 
as we do to how well the darned thing cuts grass. Which is why only WideBody lawn OR VISIT OUR WEB SITE: 
tractors now come with the overwhelming slew of user-friendly features you see here. WWWNUBANTINC GUN; 

If you've ever owned a lawn tractor before, forget everything you know. If you've 
never owned a lawn tractor, then you're in the enviable position of skipping a lot of costly 
and painful steps in the lawn tractor evolutionary chain. Because for price, comfort and 


performance today, there's the Murray WideBody and nobody else. Available in Murray, FTLIFSPFS9/A if 


Murray Select and Murray Ultra models. | THE CUTTING EDGE OF VALUE™ 
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The Digital Landscape 


THE WORLD may not be flat, but 
you'd never it know from most 
maps— paper or digital. But 
digital maps are beginning to 
offer some relief, literally, 
from the flat-map doldrums. 
Several companies are 
now selling digitized versions 
of the topographic maps de- 
veloped by the U.S. Geologi- 
cal Service. Some are merely 
simple scans of USGS maps, 
while others are designed to 
be used with professional map- 
ping software, sometimes 
known as geographic information 
systems. But at least one new series 
of topographic maps, TopoScout 
from Maptech (www.maptech.com), 
brings interactive digital USGS maps 
to consumers, whether they're hik- 
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EV World 

www.evworld.com 

Looking for a clean and green site 
peddling nothing but fresh air? 
EV World brings you the news, 
reviews, and shop talk on the 
latest electric cars and bikes. A 
database also lets you search for 
EVs available in your area. 


Popular 


Shite МАТ 1998 
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TopoScout puts detalled topographic maps 
on your computer. You can scroll and zoom 
to four levels (below), as well as calculate 
coordinates, elevations, and distances 
(right). You can print the maps, too. 


ers, campers, or real estate agents. 
TopoScout lets you view its ter- 
rain maps in four zoom levels, with 
path elevation and line-of-sight pro- 
filing. You can enter GPS coordi- 
nates (latitude and longitude) and 


Reader's Digest at Home 
www.rdathome.com 

This collection of how-to articles can 
make you a master of your domain. 


DOD Dictionary of Military and 
Associated Terms 
www.dtic.mil/doctrine/jel/doddict 

А handy guide for those who don't 
know "Saints" from "salted weapons." 
Plastics Resource 
www.plasticsresource.com 

An interesting, if decidedly pro-plastic, 
look at this ubiquitous material and 
the environment. 


Space Views 

www.spaceviews.com 

This online publication on space explo- 
ration includes news, launch schedules, 
and space-policy debates. 
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mark your location on a map, assum- 
ing you've got a laptop in your back- 
pack or vehicle. You can also measure 
elevation, distance, and area, and 
place markers on the maps to note, 
perhaps, a favorite fishing spot or 
potential building site. All of the 
maps can be printed in color on 
standard PC printers. 

TopoScout currently has maps 
for more than 20 states. Single CDs, 
which cover a small state (such as 
New Jersey) or a state region (such 
as San Francisco Bay), typically sell 
for $99 each. State or region sets 
of four or five CDs sell for $279 to 
$319. TopScout is available only for 


Windows PCs.—C.O. 


2000: Gifts to the Planet 
www.nationalgeographic.com/ 
features/2000 

National Geographic peeks into key 
issues of the new millennium. 


Alta Vista Translation Service 
babelfish.altavista.digital.com/ 
cgi-bin/translate? 

Translating Web pages between English 
and several European languages. 


National Kitchen and Bath Association 
www.nkba.org 

Helping you find the resources and 
professionals to tackle that redesign. 
Real Computing 
www.realcomputing.com 

Clips from Internet "radio" interviews 
with computer experts on hot topics. 
—Suzanne Kantra Kirschner 
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COMPUTERS & SOFTWARG 


Spinning Your Own 


THE ONCE-fanciful notion of creat- 
ing your own CD-ROM discs is be- 
ginning to look more like a do-it- 
yourself project. 

Cost is one reason. Prices of 
compact disc recordable (CD-R) 
drives for PCs have plunged dramat- 
ically in recent months, to as little 
as $350. Hi-Val, JVC, Mitsumi, Ri- 
coh, Smart & Friendly, Sony, and 
Yamaha are among those making 
inexpensive CD-R drives. Most of 
these drives now also include soft- 
ware such as Adaptec's Easy-CD 
Creator, which walks you through 
the process of putting data, music, 
pictures, or video onto a disc. And 
blank CD-R discs have fallen to a 
price of $1 to $2 per disc. 

Why spin your own CD-ROM 


CD-R drives record on discs by 
using a laser to heat a dye that 
rises, forming mounds in a gold 
layer. CD-ROM drives read the 
resulting light reflections. 


Lacquer layer 


| E Gold layer 3 
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Monopoly's Math 


LIKE MANY PEOPLE, Thomas Frid- 
dell, a Boeing aerospace engineer, 
likes to play Monopoly. But 
unlike most, Friddell spends 

his lunch breaks at his com- 
puter, working out winning 
strategies for the game. 

Using a math program called 
Mathcad, sold by MathSoft, Frid- 
dell has calculated the board game's 
probabilities, including the odds of 
landing on various Monopoly squares. 
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discs? For one thing, CD-R discs 
make for very cheap storage. Capa- 
ble of holding as much as 650МВ 
per disc, CD-R can archive your 
files for a fraction of a penny per 
megabyte. CD-R is also an easy, in- 
expensive way to exchange large 
picture, audio, or video files with 
friends and family, since CD-R discs 
can be read by any CD-ROM player 
(though not by some early DVD- 
ROM drives). You can also use most 
CD-R drives to copy music CDs 
(for personal use), or transfer music 
from tapes and records to CDs. 4 
CD-R's primary limitation is 
that it enables you to record in- 
formation to a disc only once—you 
can't erase. But newer CD-rewrit- 
able (CD-RW) drives, which let you 
record and erase as needed, now sell 
for between $500 and $800. The big 
drawback is that blank CD-RW discs 
still cost $10 to $15 apiece.—C.O. 


MICROPROCESSORS 


Cranking lt Up 


EVEN AS PCs get cheaper, the speed 
of their microprocessors keeps nght 
on getting faster. And new chips 
from Intel, AMD, and IBM make it 
clear that trend will continue. 


Intel's new Covington chip brings i 
the power of Pentium 11 to low-cost PCs. 

By summer, Intel plans to be 
delivering two new, low-cost ver- 
sions of its Pentium II processor 
to PC makers. The first, code- 
named Covington, will be a 266MHz M 
version with no onboard memory, 
or cache, to help speed things 
along. It will be used mainly in 
PCs costing less than $1,000. The 
second, code-named Mendocino, 
will run at 300MHz and will have 
some onboard cache for slightly 

мет" = faster performance. It's bound for 
DB PCs costing $1,000 to $1,500. 4 

AMD, meanwhile, is shipping 
a 266MHz version of its Pentium- 
compatible K6 chip, also intended 
for low-cost PCs. Its first customers 
include Compaq and IBM. Cyrix, 
another maker of Pentium-class + 
chips, says it has similar plans for 
faster, cheaper chips. 

The megahertz keep coming for 
Macintosh fans, too. IBM recently 
shipped a 275MHz version of its 
PowerPC 750 chip, and the com- ^ 
pany says it has prototypes of the 
750 that run at speeds as high as 
480MHz, with the capability to 
push the PowerPC to 1 gigahertz 
(about 1,000MHz) or more in the 
near future.— 5. К. К. M 
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Among his conclusions: Illinois Av- 
enue sees the heaviest traffic. Play- 
ers are least likely to land on Baltic 
Avenue. Three houses on a property, 
rather than four houses or a hotel, 
brings in the fastest return on your 
investment. Players roll sevens 
more often than any other 


til your opponents are roughly 
that close before buying houses. 
Friddell's next task is to analyze 
an even more confrontational real 
estate game, Risk.— Dawn Stover 
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A vibrating silicon needle reads 
^| Penny-Sized CD anges aiid Guava, Wick 
a | preting these changes as digital 
STEPHEN CHOU wants to shrink 
the size of your CD and video col- 
lection. At one-thousandth the size 
of a regular CD, his nano-CD could 
^ | replace 30 of your music CDs with 
| room to spare, he says. With 800 
times the capacity of a standard 
CD, the nano-CD could revolutionize 
data-storage methods. “You can put 
| all the information you need on a 
К у penny-sized CD,” Chou says. 
| Chou, an electrical-engineering 
professor at the University of Min- 
nesota, has developed discs that can 
store 400GB of information, instead 

{ of the 650МВ on a regular CD and 
г } 4.7СВ on a DVD. "Our density is 
| 100 times higher than the best DVD," 
Chou states. 

Before the CD 1$ created, a data 
mold of microscopic grooves is fash- 
ioned. The mold is then stamped 
onto a softened, penny-sized poly- 
mer. The bits of data, recorded as 
tiny pits in the molding, are stored 


zeros and ones. Silicon 


needle | 


40 nanometers 


— | zE 


10 nanometers 
E d 


change, a computer can read the 
topography of the disc," Chou ex- 
plains. An actual player, which would 
probably employ voice-recognition 
software in its operating system, still 
needs to be built. 

CDs can currently hold 10 minutes 
of high-quality video. DVDs hold 
133 minutes per side, and Chou's 
penny-sized CD could hold 5 hours 
worth of video.— Christopher Miller 


in grooves. The data bits are 10 nano- 
meters (or billionths of a meter) wide 
and 40 nanometers apart. 

To read the information on the 
nano-CD, Chou developed a tiny 
silicon needle. “The needle itself is 
vibrating. When you put it closer 
to the disc, the atomic interaction 
between the disc and the needle 
changes the vibration frequency of 
the needle. By interpreting this 
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Window Views of Subway TV new system is highly sophisticated: Sensors adjust the 

i | number of images you see, according to the speed of the 
IF YOU'VE EVER stared out a subway window wishing for train. А stroboscope i in each projector switches thei images 

: something better than a tunnel wall to look at, then your on or off at a rate governed by the train's speed and the 
dreams may be about to come true—in a way that recalls spacing of its windows. Sound, however, may not be рег- 
the old maxim about being careful of what you wish for. fectly synchronized, because of the complex acoustics 

As they travel from one station to the next, passengers involved with matching sound to individual frames. 
1 on European trains will soon be watching short commercials This summer, the German-built system will undergo 


projected onto a row of screens mounted on the walls of sub- 
way tunnels. Long lines of projectors, each showi ng a sin- 
gle frame at eye level, will be fitted along the tunnel. As the 
train passes, the impression of movement is created. A train 
traveling at a speed of 45 mph through a 600-yard tunnel 
could show a 30-second commercial or video clip. 

The system reverses the projection techniques of cine- 
mas, where the pictures move but the viewers sit still. The 


trials in tunnels in Paris between the Quai d'Orsay and 
Invalides metro stops and in Berlin between the. Zoologis- 
cher Garten and Hansaplatz stations. The German i inven- 
tors of the system, MetroCinevision, already have plans for 
longer video presentations. “In the Channel Tunnel or 
Alpine tunnels, passengers could watch films upto 20 
minutes long," notes Jorg Moser-Metius, a MetroCinevi- 
sion film director.—Marcus Gibson 
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The all-new Dodge Intrepid is 
sleeker, smoother and even 


slightly lower than the first 


Intrepid, so where in the world 


did we find more useable space? 


Why, in cyberspace of course. 
Despite the new Intrepid's slip- 
perier shape, our proprietary 
design and assembly software 


enabled a slight increase in 


cabin space and a considerable 


increase in trunk space. And 
that's in comparison to an 
automobile acclaimed for its 
spaciousness. By adding a 
folding 60/40 split backseat on 
Intrepid ES, we were able to 
accommodate pass-through 
storage for long items, making 
that useable space more use- 


able. We even found enough 


space to give Intrepid a larger 
glove box. 

Of course more space wasn t 
all we found in cyberspace. 
The new Intrepid seats provide 
enhanced lateral and lumbar 
support with increased comfort. 
The ergonomically correct 
instrument panel is as sleek as 
the exterior, with integrated 
center console and soft-touch 
surfaces. The horn, of course, is 
right in the center of the steering 
wheel, where it belongs. Even 
our most powerful computers 
couldn't find a better location 
than that. 


For more information, call 1-800-4-A-DODGE 
or visit our Web site at www.4adodge.com 


Always use seat belts. Remember a backseat is the safest place for children. 


Expand yozr universe with the 
revolutionary Meade ETX ‘Telescope 


Observe land, sea or sky in stunning high-resolution 
detail with the world's best- 
selling ultraportable 


— telescope. 
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Explore hidden corners 
of the universe with the 
Meade ETX. As Sky e 


Telescope reported, “Тре 
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И Cassini Division in Saturns 
rings popped into view...1 
could see every wisp of velvet 

on the antlers of a deer 50 feet 
away. ..the ETX [is] an ideal all- 
purpose telescope for anyone wanting 
to mspect eagles at 100 yards or stars at 
100 light-years...a compact, portable telescope with first-class optics.” Ihe Meade ETX: theres no other 


telescope like it in the world. 


See it now at over 1000 Meade dealer locations in the U.S.A. and Canada, including 


THE 
NATURE | e2wtce- natural, ^ WO LF | 
COMPANY а One trip. Done. wonders CAMERA 
1-800-367-6178 1-800-251-1212 1-800-2-WONDER . 1-888-644-WOLF 
Call 1-800-62-MEADE lor a free copy ol Meade Telescope Catalog #126 or lor other dealer locations near you. 


ETX lelescope: $595; shown with optional camera adapter. Other premium-quality Meade telescopes from 100 complete, 
Meade Instruments € югр., 6001 Oak € anyon, Irvine, СА 92620. FAX: (714) 451-1460. www.mecade.com à 1998 
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Longer Life via Fuel Cells 


LONGER-LASTING batteries may be 
on the horizon, thanks to the devel- 
opment of a new power source for 
cellular phones, portable comput- 
ers, and other portable electronic 
devices. The batteries, which are 
basically fuel cells, reportedly last 
up to 50 times as long as standard 
nickel-cadmium batteries. 
Following a longtime dream of 
electrochemists to create electric 
power from hydrocarbon fuel, Los 
Alamos National Laboratory physi- 
cist Bob Hockaday has engineered a 
new miniature methanol fuel cell in 
his basement lab. Financial backing 
has been arranged to develop a 
manufacturing prototype. The bat- 
tery, similar in size and price but 
half the weight of conventional bat- 
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teries, is expected to have a major 
impact on the $1-billion-a-year cellu- 
lar phone battery market. The prod- 
uct could be on store shelves by the 
end of next year. 

Fuel cells work by converting the 
chemical energy from the oxidation 
of a fuel such as methanol directly 
into electricity. Hockaday’s metha- 
nol fuel cell runs at room tempera- 
ture like other batteries and will 
produce power at levels needed to 
operate a cellular phone—three- 
tenths of a watt in standby mode 
and 4 watts for conversation. 

The micro-methanol cell is 
expected to last at least 20 years, 
whereas most contemporary batter- 
ies wear out after two. 

Refueling the micro-methanol 
cell is as rapid and simple as pour- 
ing in 1.5 ounces of inexpensive 
methanol, instead of waiting several 
hours for recharging.—Douglas Page 


CAMCORDERS 


Now with Stills 


IF YOU'RE TIRED of carrying both 
a Camcorder and camera to 
record moving and still images, 
then a new crop of hybrid cam- 
corders may be to your lik- 
ing. Camcorders such as 
JVC's GR-AXM700 ($1,000) 
and Panasonic's PV-L858 
($1,000) and PV-L958 
($1,100) models are hybrids: 
They incorporate a digital 
still camera. The digital 
equivalent of a roll of film 
New hybrid camcorders from 
Panasonic (top) and JVC 
(bottom) can also be 


used as still 
cameras. - 


can be stored in a separate 
electronic memory, but indi- 
vidual pictures can be easily in- 
serted on the video- 
tape. You can also 
view the still 
images on the 
camcorder's 
pop-out LCD 
screen. 
Besides 
convenience, 
another advan- 
tage offered by 
these hybrid camcorders is the abil- 
ity to use the camcorder's more pow- 
erful zoom lens while taking still 
pictures, Panasonic offers a 23X op- 
tical zoom lens that can be boosted 
digitally to 300X, while stand-alone 


digital still cameras may offer as lit- 


tle as 3X. Digital still photography has 
been an option in high-priced digital 
camcorders, but only now has this 
feature become available in lower- 
priced analog camcorders.—F. V. 


What's changed 
about the car that 


changed everything? 
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i — If you know, you could win a 
i Motorola StarTac Cellular 

t Telephone courtesy of 220127 

| Tell us what's changed on the new 

! Dodge Intrepid, and we'll enter you in the 
! Intrepid I.Q. Sweepstakes. You'll find the 
! answers in the Intrepid ad in this issue. 

[| 


| 1. Where did we find more useable space? 


1 a) In a broom closet. 

| b) Under the front passenger's seat. 

i c) In Cyberspace. 

d) Next door. 

i 2. Our proprietary design and assembly 
software enabled ... 

a) An increase in the GNP of underdeveloped 
countries. 

b) A slight increase in cabin space and a 
considerable increase in trunk space. 

c) Better segmentation of various market sectors. 

d) An outstanding balance of whiteners and 
fluoride treatment. 


3. What do the new Intrepid seats provide? 

a) A handy place to store used chewing gum. 

b) Enhanced lateral and lumbar support with 
increased comfort. 


C) A touch of Far Eastern artistry. 
d) A lovely serenade. 
4 


. What are two ways to get more information 
about Intrepid and The New Dodge? 


Call 1-800 


' or visit the Web site at www. 
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| Daytime Phone Number 


‚ Evening Phone Number 
0 


FFICIAL RULES (J) No purchase necessary. (2) To enter, complete 
the original entry blank above or print vour name, address, Zip code, 
one numbers with area code(s), and answers to the questions above, 
and mail entry in stamped (#10) envelope to; Popular Science/Dodge 
Intrepid Quiz, Two Park Avenue, New York, NY 10016, to he received no 
later than June 15, 1998. Enter as often as you wish, but each eniry 
must be mailed separately, No photocopied entries will be accepted. 
i (3) Drawing to be held on or about June 22, 1998. ШеріЫе, late, last. 
postage due, damaged and facsimile entries will not be considered. All 
| entries become the property of Popular Science and will not be returned. 
i Winner will be notified Бу mail within 10 days after the drawing date. 
(4) Winner will be awarded a Motorola Starfac Cellular. Telephone, 
"E roximate retail! value $1,000. Federal, state and local taxes are the 
joe responsibility af the winner No substitution or transfer of prize. 
(5) Employees (and their immediate families) of Popular Science, Times 
Mirror Magazines, Chrysler Corporation, Chrysler Corporation product | 
dealers, and their advertising, public relations, and merchandising 
i agencies are not eligible, (6) Open to residents of the US. or Canada 
whe, as of May Г, 1998, are 18 years of age or older Void in Province of 
. Quebec and where prohibited. All US. federal, state, local and Canadian 
provincial and municipal laws and regulations apply. (7) Odds of winning 
depend on number of eligible entries received. You need not answer all 
1 questions correctly го be eligible to win. The decision af Popular Science 
j tall matters relating to the rules and administration of the sweepstakes 
| Shall be final. Winner will be drawn ar random from among all eligible 
entries. If a Canadian wins, he/she will be required to answer a skill 
testing question. The winner will be required to execute an affidavit of 
eligibilitwprize acceptance and release, and consent to use of his/her 
name and/or likeness in advertising wi sioe! bol compensation, unless 
prohibited by law, within 14 days of notification. Noncompliance will 
result in disqualification and the selection of an alternate winner 
nsors are not responsible for damage, losses or injury resulting from 
і the use ard acceptance of prize. Prize winner's name can be obtained by 
‚ sending а self-addressed, stamped envelope ta: шаг Science/Dodge 
i Intrepid Quiz, Two Park Avenue, New York, NY 10016. 
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to cool air without adding humidity 
before the air arrives at the direct 


Evaporative Cooling module. The inside of the indirect 
module consists of a series of air path- 
Grows U р ways—53 in all—perpendicular to опе 


EVAPORATIVE COOLERS, affection- 
ately known as "swamp" coolers, have 
been popular for years because they're 
energy efficient and use no ozone- 
harming chlorofluorocarbons, or 


another and each sharing thin plastic 
walls with those beside it. Water 
pumped from an integrated reservoir 
slowly dribbles down the vertical 
tubes, and exterior air streaming up 
these tubes cools as the water evap- 
orates. This draws heat away from the 
air in the horizontal passageways, 
reducing its temperature by 20 de- 
grees without adding moisture. 
That air then moves through 
the direct unit—cooling fur- 
ther by 20 degrees—and 
into the house. 

With this method of 
precooling, the humid- 
ity that finally reaches 
the home is at a comfort- 
able level—it typically 
ranges between 50 and 
70 percent, says Dan 

Field, president of Cool 
Tech. In addition, the 
IDEC consumes only one- 
quarter the energy of 

a traditional air-conditioning 
unit and features a purifier that 
removes dirt, pollen, and spores. 

The self-purging reservoir, con- 
nected to the cold water line, ensures 
that the water does not accumulate 

bacteria—the source of the "swamp" 
smell associated with evaporative 
coolers. ^The machine is continuously 
drawing new water as the coolant,” 
Field explains, adding that the old 
water is piped outdoors. 

One caveat: The IDEC cooler 
works only in areas that have low rela- 
tive humidity, making it good for 
the West and Southwest U.S., but 
not feasible for most other areas. 
The unit costs about $3,900, includ- 
ing installation.— Christopher Miller 
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lirect module. 


CFCs. Using the process of evapo- 
ration, the same principle that cools 
our bodies, swamp coolers pass air 
through wet pads to cool it. The 
downside: The air picks up humid- 
ity in the process. 

Cool Tech of Fair Oaks, California, 
may have solved the humidity prob- 
lem. Instead of one cooling mecha- 
nism, the company's indirect evapo- 
rative cooler (IDEC) features two: 
direct and indirect cooling modules. 

The indirect module is designed 
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Termite Tablets 


UNIVERSITY OF Colorado entomolo- 
gist Louis Bjostad and his colleagues 
— have found that termites’ natural 
reliance on carbon dioxide to find 
. food and shelter can also be used 
against the insects as an alternative 
to current forms of pest control. 


Bjostad, along with researchers 


Elisa Bernklau and Erich Fromm, 

_ made the discovery by placing two. 
species of termites at one end of a 
T-shaped tube. In one arm, the re- 
searchers pumped in normal air; in 

.. the other arm, they pumped in car- 
. bon dioxide in concentrations higher 
- than those found in normal soil. 


When termites came to the point 


_ of choosing an arm, Bjostad says, 
_ most chose the side containing 
_ the carbon dioxide. He and his col- 
1еадие< believe termites are natu- 
_ Tally attracted to carbon dioxide for 
_ two reasons. Rotting wood, the ter- 
_ mites’ main food source, releases the 
_ gas, a process that likely guides the 
` insects to food. Also, concentrations 
of the gas inside termite colonies are 
. higher than that of ambient air, sug- 
` gesting termites also use carbon 
dioxide to find home. 


` The researchers are now develop- 


| ing nontoxic effervescent tablets 
that would slowly dissolve and re- 

_ lease carbon dioxide underground to 
lure termites away from houses and 


other structures. Currently, two are 


- on the drawing board: one composed 
_ of carbon-dioxide-producing sodium 
- bicarbonate and citric, and the other 


a mixture of carbon-dioxide-produc- 


. ing microbes and a food source. 


_ Bjostad envisions an inexpensive 
termite-luring system consisting of 
a 6- to 8-inch steel pipe buried ver- 


_ tically in the ground. Homeowners 
would drop in a pesticide to kill 

` termites once the carbon-dioxide- 

i producing effervescent tablet was 
in place.—Joseph B Baneth Allen 
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MORE WORK IN LESS TIME. 

Milwaukee's powerful new ergonomically designed 
14.4 Volt Cordless Power-Plus™ Driver/Drills and 
Hammer-Drills deliver up to 24 watt-hours of power 
and feature electric brakes, reversible battery packs 


and 19 position clutches. Call 1-800-729-3878, when 


nothing but heavy-duty will do. 


MILWAUKEE ELECTRIC TOOL CORPORATION * AN ATLAS COPCO COMPANY 
WWW. MIL-ELECTRIC-TOOL. COM 550-1695 
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A paint color that looks perfect in 
the store may be less than perfect 
when you see it up on your house. 
Colors look different in different 
light. Here's a tip 
from the folks in the 
red vests, at Ace. 
When you feel that 
you've picked the right color, take 
home 3 or 4 chips of it and a few 
other colors that are close. Tape 
them to different locations on 
your house. In direct sunlight, in 
corners and under eaves. Look at 
them during the day, and again at 
twilight. Now you'll have a real 
good idea which color you'll want 
to live with for the next fifteen 
years or more 


Your helpful hardware folks at ACE 
Hardware 


© 1998 Ace Hardware Corporation 
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HOMEBUILDING 


Fast Framing 


ONE OF THE biggest crowd-pleasers 
at this year’s International Home- 
builders Show in Dallas was a pre- 
fabricated building system that en- 
ables six workers—no matter their 
skill level—to frame a house in a day. 
Developed by Kato Sangyo Ltd. of 
Shimane, Japan, the Metalfit fram- 
ing system was designed to help 
meet rising housing demand т a 
country with a severe shortage of 
skilled labor. Now Metalfit is com- 
ing to the United States. 

The system is built around a se- 
ries of steel connectors that easily 
link the members of a post-and-beam 
house frame. But the frame isn’t 
ordinary lumber. Atomu Yoshimura, 
Kato Sangyo’s managing director, 
emphasizes that the steel connec- 
tors require a precisely milled frame 
that won’t warp or twist. For that 
reason, Metalfit is made entirely 
of engineered wood—that is, wood 
from small trees and waste lumber 
that is compressed and then glued 
together to form larger, stronger 
pieces. Wall sheathing consists of 
engineered panels laminated to 
rigid-foam insulation. The panels 
are covered with housewrap. 

Kato Sangyo’s manufacturing 
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process is equally as precise as its 
product. Blueprints are entered in 
the company's computer, which in 
turn commands an automated fac- 
tory. The factory can cut the frame 
for a 1,600-square-foot custom-de- 
signed house in a day; it can crank 
out frames for identical tract houses 
at a rate of one per hour. 

The system has certainly caught 
on in Japan. Yoshimura says that 
output grew from 200 houses three 
years ago to 2,000 last year. The 
company plans to open a U.S. fac- 
tory soon. Once it does, framing a 
small house could become a week- 
end project within reach of nearly 
anyone.— Charles Wardell 


RATINGS 


Window Shopping 
Made Easy 


BUYING WINDOWS has gotten a lot 
i easier since the National Fenestration 
Rating Council (NFRC) began its test- 


ing and labeling program in the early 


1990s. But while the ratings reliably 


compare the performance of new win- 


dows, they don't tell you how those 
windows will perform over time. 
That's about to change. NFRC re- 
cently developed an aggressive test- 
ing protocol designed to evaluate 
long-term window degradation. The 


tests consist of an accelerated aging 


‘program that subjects the windows 


to high and low temperatures, rain, 
ultraviolet light, and thousands of 


openings and closings. The results of 
the tests will be used to adjust cur- 
rent window ratings. 


Exactly what the adjusted ratings 
will Look like isn't yet certain, but 
according to NFRC's Carl Wagus, they 
will probably include numbers that 
gauge the window performance when 
new and over time. "The consumer 
will get a more conservative rating," 
he predicts.—C. W. 
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Üne coat can last you 15 years. 


` Of course you already knew that. 


Durable. Dependable. Weathers well over the years. Those are the trademarks 


of a great coat. That's why at Ace, our Royal Shield® Paint 
| is guaranteed to give you fifteen years of durability in a 
single coat. That's right, fifteen years. Because 
the way we see it, if you can't make a coat that 
lasts that long, you might as well hang it up. 


©1998 Ace Hardware Corporation 
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° WORLD'S ONLY STANDARD THIRD DOOR * LARGEST FULL-SIZE PICKUP BOX BY VOLUME 
e TRITON" V8 ENGINES ARE THE ONLY LINE OF PICKUP ENGINES WITH FAIL-SAFE COOLING 
* MOST POWERFUIL STANDARD V6 ENGINE AVAILABLE IN A FUILL-SIZE PICKLIP 


REMODEL OFFERS PLENTY OF SQUARE FOOTAGE 
SND THE FRENCH DOORS АГ NO EXTRA CHARGE. 
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FORO P-3BRIES, 
THE BEST-BUILT, BEST-SELLING AMERICAN TRUCKS: 


1-800-258-FORD or www ford.com 
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International 


Edited By Dawn Stover 


Y NOW, SPACE SHUTTLE FLIGHTS 

have become so routine that they rarely 

make headlines. But when the shuttle En- 

deavour blasts into orbit in July, people all 

over the world will be watching, because 
Endeavour will be carrying two American construction 
workers into space. Equipped with the spacegoing equiv- 
alent of hard hats, cordless drills, and lunch boxes, as- 
tronauts Jim Newman and Jerry Ross will bolt together 
the first two pieces of the International Space Station. 
By the time the station is completed, around the end 
of 2003, it will be the size of a city block and one of the 
brightest objects in the night sky. Like the building of 
the pyramids, construction of the station will require 
years of heavy lifting and thousands of laborers. The 
work, shared by 16 nations, will be dangerous and ex- 
pensive. But it will also be a grand adventure, one that 
is just as likely to produce unanticipated discoveries as 
it is to encounter unexpected challenges. To give you 
an advance look at what will be the largest peacetime 
engineering project in history, we devote this issue to 
the International Space Station. 
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— Walt Whitman, “Miracles” 
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Module 


Canadian Mini Pressurized Logistics Module 
Remote 

Manipulator 

System 


Special Purpose 
Remote Dexterous 

Manipulator System Manipulator 
(Canadian arm) (Canadian hand) , 


Base System 
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С Ды цз ПА Г i di erent kinds of ro- 
| st is the 58-foot-long Re- 
ipulBtor Syst xm contributed by Canada. 
"is ssarm i УСЕ along rails onthe ‘truss work, 
айй сап, also “Wa Ly rom place to place by at- 
| | achir ng its free "end to а grap 
"ten releasing the ets end. The arm can pick 


| * up and use a dexterous hand, which has two 
| | arms of its own, for precision tasks. 
— NEN دح‎ 7» 2003 2». — 7 


2 А 
k ۴ By this time, the station will 7 ESI The ISS should be complete by 7 
| have more power from additional “7/477 20 07 2003. Latest additions: Russ- 
| solar arrays. The Japanese Ex- AVFO AP N ian and European labs, more 
| ы periment Module will also have ك‎ #2[#: solar arrays, and a Habitation 343 5 
N been delivered and activated. Module for the six-person crew. Е | 


| SOURCES: BOEING, NASA, SPAR AEROSPACE 

| ILLUSTRATION; ВОВ SAULS/JOHN FRASSANITO 
& ASSOCIATES, DON FOLEY 

PHOTOGRAPHY: JOHN B. CARNETT, NASA 


check out these Web sites: station.nasa.gov, www.boeing.com Ў 
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\ Walk in the Dark 


he tools and techniques of 
pacewalking missions 


UILDING THE STATION WILL REQUIRE 


'ore hours of extra-vehicular activi- : Experiments ` 
ies (EVAs), or spacewalks, than have : 45 аге packaged 
а | m in drawers that 


uring these EVAs, the astronauts | ME of lab racks. 
НИ connect umbilicals that carry ^ dann aaa И, 
fluids and electricity 
between different 

parts of the station. 


" Body- Tethers and foot re- 


^ restraint straints will hold the 
tether 


astronauts in place 

while they work with 
special tools, some- 
times in frigid dark- ERIN v" | 
ness and sometimes Р VS vides outside \ . NA | 
in scorching sunlight. = ia»! views. | Station Science 
Backpacks regulate Experiments will be conducted 


ne кешрегаше oF Ни astronauts: inside and outside the station 
uits and feature a built-in propul- 
lon system in case of emergency. ANIMALS, PLANTS, AND EVEN PROTEIN CRYSTALS 
grow differently in the absence of gravity, and 
scientists want to study these differences aboard 
the station. Experiments will be sent to the sta- 
tion in racks resembling filing cabinets; they fit 
into the walls of the space station's laboratory 
modules. The astronauts will monitor the exper- 
iments and make adjustments if necessary. 
Astronauts will also study the Earth, by 
setting up cameras and other imag- 
ing instruments behind a win- 
dow of ultraclear glass. 
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Solar arrays 


SKYLAB: 84 x 22 feet 


BOEING 747: 212 x 232 feet 
ROOM TO MOVE: The station will have 
46,200 cubic feet of working space In- 
side, equivalent to the volume of two 


ISS: 356 x 290 feet | Boeing 747s. Skylab, launched in 1973, 
had a volume of 9,700 cubic feet. 


e Estimated number of Pepperidge Farm cookies that 
will be consumed on the space station per year: 800. 


220 miles 


Average altitude of the station 


17,500 miles per hour 


Station's speed in orbit 


90 minutes 


Time it takes for the station to orbit Earth 


85 percent 


Amount of Earth seen from the station during its orbit 


e Number of times per week astronauts will change 
exterior clothing: 1. Soiled suits are collected and 
jettisoned with the rest of the trash on the Russian 
Progress resupply craft. 


e Weight of a space suit on Earth in pounds: 300. 


e Microgravity, the only gravity on the space station, 
is 1-millionth of the gravitational force felt on 
Earth. А coin on Earth would fall 6 feet in 0.5 
seconds. On the station, it would take 10 minutes. 


B t= : 


The space station is the largest international peacetime project in 
history, with 16 countries participating. They include the United : 
States, Russia, Canada, Japan, Brazil, and 11 European nations. EE 
Russia and the United States will contribute separate sections. | EE 


Japan and Europe will add lab and research facilities. 


| he first statistics are simple: 1 International Space Station, 3 original crew 
members, 16 contributing countries. But a further sampling hints at the mag- 
nitude of the mission and gives us a window into the life of an ISS astronaut. 


e 2 football fields Area covered by the space sta- 
tion—so big the station will be visible to the 
naked eye from Earth. 

e $29.4 billion Total official estimated cost for the 
International Space Station. 200 feet long The swimming pool in which the 
astronauts train, located at the Johnson Space 
e $9 Cost to each U.S. citizen for the station's first | Center in Houston, is one of the largest in the 
year in space. world. It's 100 feet wide and 40 feet deep. 


e 45 Launches of space shuttles and Russian boosters 
required to assemble more than 100 pieces. 


e 1,100 Estimated hours of spacewalks Number of people in space station's initial crew: 3. 
-= required to complete the station— When completed, the station will have a standard 
roughly 400 more than total space- crew of 6 people, but can accommodate 7. 
walking hours in the history of the 
U.S. space program. Time it takes the average person to adjust to life in 
space: 4 days. 


e 1.04 million pounds Weight of the space station. 
But when it falls back to Earth years from now, only Number of gallons of water an astronaut on the sta- 
about 100,000 pounds will land in the ocean; the tion will consume per day: 8. The average American 
rest will burn up in the atmosphere. uses 160. At least 85 percent of the water in the 
| astronauts' urine will be recycled. 
e -250°F to +250°F Temperature range outside the 
space station. Among the favorite 
foods in space: shrimp % 
e 1 acre Amount of equivalent space the station's cocktail, steak, whole Р am 
solar panels would take up. cashews, lemonade. eU 
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Life 
at 220 ese 
Miles High `+ 
A refrigerator and a shower 
make life easier in space 


FOR THE FIRST FEW YEARS OF 


the station’s construction, the 94 у, ГР м | ЫР ا ر‎ | 
" A | | m | HP. | Resupply ships will 
crew will eat, sleep, and go to =e ke US и 


the bathroom in the Russian 
Service Module. But when the Ue. | NE 
U.S. Habitation Module is fi- | | -NEN 
nally added, astronauts will be F j y 
able to enjoy fresh fruits and 7 M. y 
vegetables with their TV din- | I» : 
ners, courtesy of the P umm у. | У Showering 
first space refriger- Е ` | دى‎ 
ator. The Hab 
Module will also 
have a shower: 
Astronauts will Sleeping ce 
агаг Ров аг & АРА. = ! E PERVIA tion аше 
water onto We ee Fen 
their skin, then У enh А ЧАЩЕ MEL M 
vacuum them- ated Dy linder. 
selves with a hose. 
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ASSEMBLY STAGES 
ASSEMBLY WILL BEGIN THIS SUMMER, 


but it will take 45 launches of space 
shuttles and Russian boosters be- 


1999 


am ug rn 5 | LR By summer's end, 

fore the ISS is completed. With ele- о айай will fave vind 
ments of the station coming from quarters for a three-per- 
all around the world, many of the The first two building son crew, a functional 
iA А; P : ey blocks, the Russian laboratory module, a 
pieces will meet for the first time JP Functional Cargo Block set of solar arrays,a SWL 
in orbit. Any problems with Launch : (above) and the U.S. pair of thermal radia- S е 

a bo да i | : Node 1, will launch tors, and the Canadian 
vehicles or individual elements in juns-and july. he шан чий 


could set back the whole schedule. 
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By Jim Schefter 


ATE JUNE IN KAZAKHSTAN. A RUSSIAN 
Proton rocket sits poised for launch at the once- 
secret Baikonur space base. Observers from NASA 

and other space agencies have crowded into the vintage 
control room, and journalists from around the world are 
monitoring the countdown. At zero, the Proton's engines 
thunder; it lifts away from Earth and quickly disappears 
from sight. The first module of the long-awaited Interna- 
tional Space Station is headed for orbit. 

[f all goes well, that will be the scene just a month 
from now, when one of the world's most ambitious engi- 
neering projects finally gets off the ground. In January 
1999, after six launches by U.S. space shuttles and Russ- 
ian boosters, a three-man crew will take up residence. 
From that moment onward, the space station will be a 
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permanent off-planet extension of human civilization. 

When the station is completed, around the end of 
2003 if NASA sticks to its schedule, it will be a multiroom 
hotel and research facility orbiting the Earth every 90 
minutes. Its permanent population will be six or seven, 
with the mix shifting as Americans, Russians, Europeans, 
and Japanese move in and out over the months and years. 
By that time, resupply and assembly flights by shuttles or 
Russian rockets will have become so routine that today’s 
breathtaking series of space rendezvous is certain to be- 
come tomorrow’s humdrum. 

You'll know the ISS is there. Five times the size of the 
Russian space station Mir, it will have solar wings and ra- 
diators sprouting from trusses spanning 356 feet. Its cen- 
tral core will be a collection of motor-home-size labs, 
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NODE 1 
July 1998 
The second piece in orbit, 
Node 1 serves as a pas- 

sageway between Russian 
and U.S. elements. 


THE FIRST FLIGHTS 
BY THE END OF THIS YEAR, if all goes _ 
as planned, two U.S. space shuttles 
and three Russian boosters will have 


launched the core modules of the In- 
ternational Space Station, making it 


habitable for a three-person crew. 


living quarters, and supply canisters 
plugged together like a supersize Lego 
set. Together they'll fill a fore-to-aft 
length of 290 feet, almost as long as 
a football field. 

The final configuration, requiring 
45 separate space launches over at least 
six years and many long days of space- 


walks by astronaut construction work- 


ers, will track diamond-bright across 
the night sky. Only the moon and 
Venus will be bigger and more visible. 

“It takes а while to get perspective 
on how big this thing is," says Kevin 
Chilton, the station's operations 
manager at the Johnson Space Cen- 
ter in Houston. To demonstrate, he 
stretches his arms across a model of 
the station without reaching either 
end. The space shuttle docked to the 
station is only the size of a football 
and almost lost in the labyrinth of 
trusses, panels, and modules. 

The station's complexity is as awe- 
some as Its size. Built by a partner- 
ship of 16 nations, ISS will consist of 
hundreds of individual elements that 
come from all over the world. "Most 
of the elements will never be physi- 


FGB 

June 1998 

First to be launched, the 

FGB has solar panels that 

can fold inward to make 
room for later arrivals. 


cally mated until they come together 
in orbit," explains Randy Brinkley, 
NASA's Houston-based program 
manager for the space station. "But 
we're confident that when we turn on 
the lights, it will all work." 

NASA is relying on Boeing, its 
prime contractor for the station, to 
ensure that all of the pieces fit to- 
gether properly and work exactly as 
planned. Boeing has plenty of experi- 
ence building complicated flying ma- 
chines from parts made by far-flung 
suppliers: The company's 777 air- 
liner, introduced four years ago, was 
designed and digitally preassembled 
on computers. "We're borrowing 
heavily from our brethren in Seattle 
on the 777 program," says Douglas 


Stone, Boeing's program manager for | 


the space station. 

But even if all the pieces fit per- 
fectly, the assembly process itself will 
be risky. Unlike an airplane, the space 
station 15 flown while it's being built, 
and each new piece that is added 
may change the way the station be- 
haves in flight. 

Computer software problems are 


attachment points, 
two on the ends and 


The node has six 


four on the sides. 


also a concern, “probably the 
biggest single risk that we 
face on this project,” says 
Stone. Like the hardware ele- 
ments, the software compo- 
nents come from all over the 
world and must mesh smoothly. The 
astronauts won't even be able to turn 
on the station's lights without help 
from a computer, because all of the 
electric power switching will be con- 
trolled by software. 

Working hand in hand with other 
countries will be another challenge. 
“This station is really a new era for all 
of us,” says Chilton. "We've had to 
learn how to be good guests on Mir 
and at the Russian training and com- 
mand centers. Now we're going to be 
equal partners.” 

The station is divided roughly into 
two sections, one built primarily by 
the United States and the other built 
by Russia. “In some ways, it looks like 
two different spacecraft in close prox- 
imity,” says Stone, “but to the crew, it 
will all be one vehicle.” 

The other nations participating in 
the project are also contributing hard- 
ware: Japan’s space agency, NASDA, 
is supplying a laboratory module that 
includes a “back porch” where experi- 
ments can be exposed to space; astro- 
nauts will use a robotic arm to lift 
experiments onto the porch from an 
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The steeping = 
areas, kitchen, - 
and toilet for 
the station's 


first crew are 


in the Service 
Module. 


January 1999 


Arriving in a Russian Soyuz 
spacecraft, the first three- 
person crew will stay on 

ISS for about five months. 


Soyuz will re- 
main docked at 
the station; it 
can be used as 
j Ў ы E 3 ges zi. | ж z | I an escape vehi- 
December 1998 Ы уе — гом EAS ^ ¥ cie in case of 
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The third piece to go up, 
the Russian Service Mod- 
ule is similar in design to 
the Mir space station's 
core module. It will be 
launched unpiloted, dock- 
ing by remote control. 


air lock. The European Space Agency haul a module called Node 1 into orbit 
is also providing a lab module. The and dock it to the ЕСВ. U.S. astronauts 
Canadians are building a robotic агт Jerry Ross and Jim Newman will space- 
and hand that will be invaluable for walk to the fledgling space station and 
assembly work and heavy lifting. And connect electrical cables between the 


Brazil is contributing a window facil- ^ two units. Their initial foray into space 
ity; astronauts can use it to study construction will come late in the 
changes in the Amazonian rainforest, shuttle mission. IT^ 
| АЕ л The first pieces : 

among other things. We've learned a lot from the Mir ûf the station (ited) E 

The first building block to be experiences," says the station program's 
launched will be a U.S.-funded, Russ- medical officer, Dr. John Charles, who 
ian-built pressurized module called monitored U.S. astronauts assigned ing the solar arrays and thermal radia- 


the Functional Cargo Block (or FGB, іо long-term duty on the aging Russ- tors; a U.S. science lab; a habitation 
from the Russian name). Built under ian station. “For instance, it takes the module where the astronauts eat and 


subcontract to Boeing by Krunichev average person about four days to make sleep; and other modules. A second 
Industries near Moscow, the FGB will Ње bodily adjustments to space. So node will be brought up in 200] as 

" be a free-flying satellite until the sec- we don't do spacewalks in the first the station grows. 

| ond piece of the station arrives. four days." That rule will be followed “It’s not the way you'd build your 

| About the size of a long camper throughout space station construction. house,” says Brinkley. Most house- 
trailer, the FGB is a 20-ton multipur- Node 1, built by Boeing in Hunts- builders would start by erecting an 

v pose power and propulsion plant that ville, Alabama, is a pressurized mod- outer shell; finishing the individual 
gets the station assembly work started. ule with six ports. One mates with the rooms would come much later in the 

t А pair of solar panels will unfold in FGB, and the opposite port willbe the construction process. But to con- 
orbit to provide electrical power. The early connection between shuttles and struct a space station, says Brinkley, 
ЕСВ carries propulsion and fuel stor- the station. Other ports will eventually “you build the bathroom, and live 
age—to keep the early station compo- get docking units to which more mod- there at first." Then you add the 

, nents in orbit—and docking ports at ules will be attached. other rooms, one module at a time. 
each end of its canister shape. As the assembly continues, the node When Endeavour leaves the 

i In July, the shuttle Endeavour will will sprout the long main truss hold- mated FGB and the first node behind, 


copular MAY 1998 


the longest quiet period in the assem- 
bly process begins. It will be at least 
several months before the third sta- 
tion element, the Service Module, is 
sent up from Baikonur. Using auto- 
mated docking procedures perfected 
by the Russians, the Service Module 
will mate to the FGB port opposite 
Нот Node 1. 

The Service Module, which is 
based on technology used in the Mir 
station's core module, carries the en- 
vironmental controls and life support 
system for the entire station. It also 
has the primary docking port for Rus- 
sia's Soyuz spacecraft, and the fuel 
and rockets for both attitude control 
and station reboost. Reboost is needed 
periodically to raise the space station's 
orbit and keep it from reentering 
Earth's atmosphere. 

The Service Module has been the 
most problematic component of the 
station, because the Russians have 
fallen behind schedule in building it. 
Last year, NASA became so concerned 
about the delivery of the Service Mod- 
ule that the agency negotiated a $170 
million contract with the Navy to de- 
velop an alternative—by modifying a 
Navy spacecraft built in the early 19505. 


THE CANADIAN ARM 


DESIGNED BY Spar Aerospace for 
the Canadian Space Agency, the 
Mobile Servicing System is a four- 
piece robotic tool that will play a 
key role in assembly and mainte- 
nance. Astronauts control it using 
computers inside the station. 


B Base system provides a work 
platform and storage area 


"It was a spinning upper stage to 
boost shuttle-launched Navy satellites 
into higher orbits," says Ed Senasack 
of the Naval Research Laboratorv. The 
spacecraft was abandoned after the 
Pentagon canceled military use of the 
shuttle in the wake of the Challenger 
disaster, and was headed for the scrap 
heap. "It needed some modifications, 
but we saw immediately that it could 
fill in for the Russian Service Module,” 
Senasack recalls. 

For now, the Service Module seems 
to be on track. But the modified Navy 
hardware, renamed the Interim Con- 
trol Module, is still under develop- 
ment. If the Russians falter again, the 
ICM will be ready for flight. If not, 
the ICM can provide additional stor- 
age and boosting capabilities for the 
space station. 

Assuming the Service Module is 
delivered in time to be launched in 
December or early 1999, it will be 
docked to the first two pieces of the 
station. Its solar wings will then be 
deployed, doubling the electrical power 
capacity of the connected units. 

Then the business of building. a 
space station gets hectic. A total of 14 
shuttle and Soyuz booster missions to 
the ISS are scheduled for 1999. In Jan- 
uary, the shuttle Atlantis will haul up 
a variety of components to be plugged 
into Node I's ports or to be installed 
inside. Among these are the first truss 
structure and a third docking port. 

The docking port will later be used 
by a shuttle to offload the first large 
solar array provided Бу the United 
States. It will be attached to the truss 
in April 1999. Made by Lockheed 
Martin Missiles & Space, the solar 


length of the station 


panels are roughly 100 feet long, the _ 
largest ever built for space. ^ total of 
16 panels will eventually be installed, 
covering about an acre. 

While the U.S. solar arrays will 
provide the electrical power for life 
support and scientific experiments 
aboard the station, Russia will supply 
the propellant fuel to keep the struc- 
ture in orbit. "We're the power com- 
pany, and they're the gas:company," 
explains Brinkley. 

But long before all of the solar 
panels are installed, the ISS will open 
for business. “The erew will come up 
immediately," manning the station as 
soon as Atlantis delivers its load of 
critical hardware in early 1999, Brinkley 
says. Barring any major emergencies, 
the ISS will never again be without 
human. oceupants. 

The station's first commander will 
be an American, Navy Captain and 
former SEAL Bill Shepherd. He and 
two Russians will ride into orbit aboard 
a Soyuz spacecraft, which will be 
docked to the station and serve as an 
emergency rescue vehicle. Future 
crews may ride up in a shuttle and 
come back in a Soyuz, or vice versa. 

When the U.S. Laboratory Module 
is attached in mid-1999, the station 
will begin looking something like its 
artists’ portraits. The first crew will 
leave a month later, and a team of 
one Russian and two Americans will 
take over, probably for a five-month 
stay. "We're still staying with our ba- 
sic agreement with our Russian part- 
ners, says Chilton, “that during the 
assembly phase, we will share time 
on orbit fifty-fifty for the crews.” 

А U.S.-built crew-rescue vehicle 


C Arm with seven motorized 
joints handles large payloads 
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Accommodation 


will be added to the station in 2003. 
After that, a six-person crew will oc- 
сиру the station. Some astronauts may 


stay as long as 157 days, but there are 


no plans yet for longer missions. (The 
official life expectancy of the station 
itself is 10 years, but it should last 
much longer.) 

"The Russians say that six months 
is the maximum-efficiency stay in 
space," Dr. Charles says, "but I think 
it could really be years. The key is ex- 
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ercise, and there's probably no time 
limit for a healthy person up there." 
Dr. Al Holland oversees crew psy- 
chology at the Johnson Space Center. 
Working with the Russians and with 
other nations is bound to create some 
problems, he thinks. *The big chal- 
lenges are going to be with the first 
few crews," he says, "and those will be 
organizational— setting up shop, solv- 
ing hardware problems, talking to con- 
trol centers in Moscow and Houston." 
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After that, life aboard the ISS 
should settle into a routine. Holland 
likens it to a naval deployment. "You're 
not going up there to drive something, 
he says. "You're going up to do a job. 
In the end, а space station 1s like a 
ship, not like a shuttle." 

But these space sailors are build- 
ing their own ship from scratch, in 
the middle of an unforgiving empty 
ocean. Getting from here to there is 
going to be a challenge. > 


FF 


YOU ARE HERE 


IT'S EASY TO GET LOST in this 
complex 3-D structure, so we cre- 
ated a blueprint to help you find 
your way around. Here are loca- 
tions for the key components that 
you'll be reading about in the fol- 
lowing pages of this special issue. 
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; By William E. Burrows 
for science and 
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VER SINCE SPUTNIK, AND ESPECIALLY DURING THE COLD 
» S Dd ce exp lo ra по r1 | war, the тыры " ian has been kept by setting records. То all of the 
| others— Yuri Gagarin's epic flight, Eagle's landing on the moon, Voy- 
| ager 2's grand tour of the outer planets, and dozens more—add the Interna- 
It's a ls Oa D О ut tional Space Station: When completed, it will be the biggest and most complex 
gate о structure that has ever been built in space. 
But the station holds another record that is anything but enviable: It has 
1 b d 1 t caused the longest and most rancorous battle in the history of the space age. Al- 
| J О 5 2 1 1 | П е ГП а х though no space project is wholly divorced from politics, the space station has 
been at the heart of a particularly drawn-out conflict ever since President Ronald 
1 » | Г 8 М lit Reagan endorsed its construction in December 1983. Only in the final hour, now 
t 0 [] а 5 2 ти y. that the project has moved off the drawing board and onto the launch pad, does 
the station enjoy the support not only of the White House but also of Congress, 
a majority of the American public, and 15 other nations. That's a reflection of 
how the station's mission and potential have grown over time. 
Even the station's name reflects the fact that its 15-vear gestation period, 
through one design change after another, spans two dramatically different 
times. During Reagan's era, the station was named Freedom as an in-your-face 
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gesture to the Soviet Union. But 
now, with the cold war over and the 
United States eager to spread the es- 
calating cost of the program to other 
countries, including Russia, the pro- 
ject has been rechristened the Inter- 
national Space Station as a gesture 
toward reconciliation. 

As the station's name has changed, 
so has its purpose. The program is no 
longer solely about conducting scien- 
tific research in the absence of grav- 
ity, or about learning how to build a 
massive structure in orbit, or about 
establishing the base for a future trip 
to Mars. The International Space Sta- 
tion is more than merely the next 
great adventure of the space age. It's 
also about promoting international 
cooperation and finding peacetime 
work for former enemies. 

Like the Apollo program that put 
a man on the moon, the International 
Space Station is a massive engineer- 
ing project that will keep a handful of 
people in space and many thousands 
employed on Earth. In this post-cold 
war era, when the U.S. aerospace in- 
dustry is in decline, the space station 
program has created thousands of 
jobs for highly skilled workers. 

"Not a single dime of this money 
is spent in space; it's all spent right 
down here on Earth," says Saunders 
B. Kramer, a retired research scientist 
who designed and patented a space 
` station in 1958 while working for 
Lockheed Missiles & Space. "The 
guys get their salaries and they go to . 
the tailor, the butcher, the candle- 
stick maker, and the clothiers and the 


"Just getting 


furniture maker and everybody else." 

The program has also created jobs 
in Russia for engineers who might 
otherwise be recruited to work on for- 
eign military programs. In fact, many 
of the U.S. and Russian engineers 
who are now working side by side on 
the space station are former defense 
workers who once targeted each 
other. The station engages 16 of the 
nation's most technologically ad- 
vanced nations—the United States, 
Russia, Canada, Japan, Brazil, and 11 
European nations—in a peacetime 
project of massive proportion. 

“It’s a political program as well as 
a science program," says Douglas C. 
Stone, program manager for the 
space station at Boeing, the company 
supervising the station's construction 
as NASA's prime contractor. "Just 
getting these countries to work to- 
gether peacefully is worth more than 
the price of the station," says Stone. 
In fact, it amounts toainprecedented 
international cooperation: the first 
step toward what space visionaries 
call a unified “planetary civilization" 
that will explore space as citizens of 
Earth, not of individual nations. 

То NASA, the space station is a 
step that follows logically upon the 
heels of the space shuttle program. 
Space station supporters correctly 
point out that one of the space shut- 
tle’s key missions is to truck astro- 
nauts and hardware into orbit, and 
that its usefulness (and huge tax- 
payer investment) will be greatly 
diminished unless a station is built. 

Куеп so, supporters have at times 


had difficulty justifying the cost of 
the station—which will probably 
mount to more than $40 billion be- 
fore it is completed. As it is, the sta- 
tion’s price tag has climbed over the 
years from an initial estimate of $8 
billion to design and develop it (but 
not construct it in orbit) to the cur- 
rent U.S. contribution of about $17.4 
billion (the figure fluctuates, with 
Boeing already racking up $600 mil- 
lion in cost overruns). The Russian 
share is roughly $10 billion, while the 
European Space Agency is contribut- 
ing $3.77 billion; Japan $3.1 billion; 
Canada $850 million; and Italy $550 = 
million separately, even though it is” — 
a member of the European.group. - 
Congress has earmarked another $13 
billion, or $1,3-billion a year, for oper- 
ating the'station througl 1 2012. | 
It is Congress that Charles D. 
Walker, a payload specialist on three 
shuttle missions and a Boeing senior 
executive for advanced business de- 
velopment, blames for the station’s 
spiraling cost. “They [Congressmen] 
have no experience with technical 
programs, no experience with gov- 
ernment and industry working on 
technical design, development, and 
deployment,” yet they want to micro- 
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manage the huge program, he says. 

But there is plenty of blame to go 
around. One White House budget offi- 
cial, Frederick N. Khedouri, complains 
that NASA consistently underesti- 
mates the program's cost. “They al- 
ways talk about a stripped-down 
model that doesn't exist,” he says. 

The debate has been going on at 
least since April 1960; when represen- 
tatives from the fledgling space in- 
dustry held a manned space station 
symposium in Los Angeles sponsored 


by NASA, the Rand Corp., and the 

— Institute for Aeronautical Sciences. 
Squabbling broke out regarding what 
a Station should be, where it should 
be put, and how to build it. Everyone 


agreed that a space station would be 
good, but not on what it was good for. 

President Kennedy's decision in 
May 1961 to send Americans to the 
moon put the station on a back 
burner, since there was insufficient 
money for both projects. But even 
as work on Apollo moved toward its 
crescendo, NASA's space station de- 
signers quietly decided on a modular 
concept—a giant Tinkertoy—that 
would be built and supplied by a 
winged vehicle shuttling back and 
forth from Earth to orbit. Unlike the 
Mercury, Gemini, and Apollo astro- 
nauts, who parachuted out of space 
as though they were leaving the 
scene of an accident, those on the 
shuttle would return home in a more 
dignified gliding airplane. 

When President Nixon approved 
the shuttle in January 1972, the sta- 
tion was postponed again. The heart 
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of the problem had to do with a de- 
bate that continues to this day: Are 
people necessary for space explo- 
ration, or can machines work better 
and cheaper by themselves? Critical 
also was a budgetary pie of finite size. 
These key factors created a formidable 
number of enemies for the station. - 
There was no doubt where most 
of the science community stood. Sci- 


entists opposed the station because 


they felt its huge expense would 


drain monev from much more useful 


research programs. In 1985, even as 
Reagan pondered whether to approve 
the station, the National Research 
Council's prestigious Space Science 
Board urged NASA to postpone it for 
at least 20 years because there was 
^no scientific need" for a station in 
space. But the scientists lost to 
NASA's persuasive administrator, 
James M. Beggs, who convinced Rea- 
gan that the station was "the next log- 
ical step" after the shuttle and that, 
furthermore, it would embody Amer- 
ica's leadership in the world and stim- 
ulate free enterprise. 

Nevertheless, opponents in Con- 
gress and elsewhere continued to 
hammer at the station throughout the 


WHERE THE JOBS ARE 


WITH 120 MAJOR subcontractors in 21 
states, the ISS means thousands of jobs 
for U.S. workers. This map shows the 
number of companies in each state. 


A Big Business 


MORE THAN 5,000 people are 
employed by Boeing s space 
station program in the United 
States, with at least another 
5,000 working for subcon- 
tractors, suppliers, and NASA 
itself. This spreads to perhaps 
30,000 more who benefit indi- 
rectly, and then to uncounted 
thousands who live off them. 
Boeing has subcontractors 
all over the United States, in- 
cluding 49 in California alone 
(see map, below), plus 35 in 
Europe, 24 in Canada, nine in 
Japan, and two—Energia and 
Khrunichev—in Russia. The 
station is therefore the prod- 
uct of a tightly constructed in- 
ternational conglomerate. 
Boeing s contract is worth 
$7 billion. Lockheed Martin, 
which holds the next biggest 
contract, is in for $758 mil- 
lion to supply solar arrays and 
other hardware. Energia, the 
prime contractor for the Russ- 
ian Space Agency, has a con- 
tract worth several billion 
dollars, although the value 
fluctuates with the changing 
worth of the ruble.— W.E.B. 
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The View from Russia 


RUSSIA WAS THE FIRST nation into 
space, and has long been recognized 
as the world's leader in building 
space stations and conducting long- 
duration space missions. So turning 
over the reins to an international 
partnership isn't easy for many Rus- 
sians. Some, including legislators and 
veteran cosmonauts, see the transi- 
tion from Mir to the International 
Space Station as a regrettable loss 
of independence and preeminence. 
In response, the station's power- 
ful supporters—chief among them 
President Boris Yeltsin—accuse its 
opponents of representing the "old 
thinking" of the Soviet era. In the 
new thinking, international al- 
liances and financial support are 
more important than independence. 
The vast majority of the Russian 
public seems to agree. In a.country 
where pensioners, teachers, and 
even nuclear weapons custodians 
are not being paid regularly, workers 
are eager for steady jobs. Space offi- 


1980s and well into the '90s. In 1991, 
the 40,000-member American Physi- 
cal Society turned thumbs down on 
the station, saying that a vigorous 
space science program could be 
accomplished without it. The follow- 
ing year, representatives of a number 
of foundations and societies told Con- 
gress that there was no evidence that 
medical research in space helped pa- 
tients on Earth. Dr. David Rosenthal 
of the Harvard Medical School at- 
tacked the notion that either cancer 
or AIDS could be combated any bet- 
ter in space than it could on Earth. 
The station had its closest shave in 
1993, when it survived a challenge in 
the House of Representatives by only 
one vote. But intense lobbying and a 
publicity blitz by industry, plus arm- 
twisting by Vice President Al Gore, 
finally turned the tide in 1994, when 
federal lawmakers voted 278 to 155 to 


cials point to the Western money 
flowing into Russia for commercial 
launch services and space hardware 
sales. They also boast that the sta- 
tion is actually costing the Russian 
government nothing at present, 
since it is funded by bank loans to 
be repaid in the future. 

Yuriy Koptev, director of the 
Russian Space Agency, stresses that 
while Russia pays for only a fifth of 
the project, it gets two-fifths of the 
lab space on ISS. Once completed, 
he claims, the station will give Rus- 
sia twice the on-orbit research capa- 
bilities of Mir, at about the same 
operational cost.—James Oberg 


Balloons celebrating 
space exploration grace 
May Day festivities in 
Moscow's Red Square. 


provide $2.1 billion in funding for the 
following fiscal vear. 

By 1994, many scientists had 
changed their minds about the pro- 
ject and either weighed in for it or 
simply sat out the debates that raged 
in Congress. The change came for 
several reasons. That year, NASA 
shifted its public relations focus away 
from science, concentrating instead 
on jobs and cooperation with Russia. 
The science plan hadn't changed, but 
the project now offered a lower-pro- 
file target for opponents in the sci- 
ence community, who didn't want to 
take on the jobs issue or seem to im- 
pede closer relations with Russia. 


c^ U.S. Skylab: a detailed history www.popsci.com 


Many scientists were also afraid to 
challenge the president, members of 
Congress, and the aerospace industry. 
As Columbia University astrophysicist 
David Helfand explains, defying 
NASA on its pet manned programs 
can bring reprisal to space scientists 
where their own grants are concerned. 

Today, with the first launch ap- 
proaching, at least one sector of the 
scientific community is excited about 
the prospects for research aboard the 
station: the 900 scientists with an in- 
terest in microgravity who are prepar- 


ing experiments to send to the station. 


There, these experiments may shed 
light on the behavior of plants, ani- 
mals, protein crystals, flames, molten 


metal, and other substances in the ab- 


sence of gravity. There's no guaran- 


tee that these experiments will lead 
to anything as dramatic as a cure for 
cancer, although NASA and Boeing 
have raised that possibility. Yet in sci- 
ence, sometimes the best discoveries 
are the unexpected ones. “Serendip- 
ity will rear its lovely head," says 
Kramer, the former Lockheed scien- 
tist. "We'll find 10,000 things to do on 
the station that nobody's thought of 
or even imagined." 

And yet even today, many scien- 
tists outside the field of microgravity 
research continue to criticize the sta- 
tion. The research planned for the 
station is "good science, but it's not 
science that would ever justify an ex- 
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penditure like the space station to do," 
says Robert L. Park, a University of 
Maryland physics professor and the 
director of the Washington, D.C., of- 


fice of the American Physical Society. 


Park is among those who believe that 
science would be better served by less 
costly robotic missions. “Robots im- 
prove every year, while humans have 
basically been the same for 35,000 
years," he says. 

For its part, NASA hopes to bring 


down the cost of the station by attract- 


ing paying customers. Some 30 per- 
cent of the research space in. NASA's 
laboratory facilities has been set aside 
for commercial users such as pharma- 
ceutical and biotechnology companies. 
Rep. Dana Rohrabacher of California, 
who chairs the House space subcom- 


the structure expands. The Service 
Module is already more than 60 days 
behind schedule. The cash-starved 
Russian Space Agency is also sup- 
posed to provide the propellant mod- 
ule and the resupply operation. 

The Russian agency and its Ener- 
gia and Khrunichev contractors des- 
perately want to be viable partners in 
this international enterprise, not only 
to ensure their own survival and help 
rebuild their nation's crippled econ- 
omy, but because space technology 
remains Russia's crown jewel and 
deepest source of pride. At the same 
time, the Russian legislature's unwill- 
ingness to honor the country's finan- 
cial commitments to the station 
reflects a preoccupation with prob- 
lems closer to Earth. "The biggest po- 


and it has continued to survive a lot 
of challenges and upscaling and 
downscaling. For the first time," she 
says, "we've moved off of a paper 
study, which this program was on for 
years, and you're seeing hundreds 
and hundreds of thousands of pounds 
of hardware being completed." 
Meanwhile, public support for the 
station appears solid. In a random 
telephone survey of 1,510 Americans 
conducted by Yankelovich in late 
1997, 28 percent "strongly favored" 
carrying out a program to build a 
permanently manned space station, 
while another 42 percent "somewhat 
favored" it. For many Americans, 
space exploration remains a grand ad- 
venture that is well worth the money. 
"If the shuttle and space station 


‘We'll find 10,000 things 


to do on the station that 
nobody's thought of 
or even imagined." 


mittee, has even suggested that the 
station be used for advertising and 
Hollywood filmmaking—but commer- 
cialization is being stalled by bureau- 
cratic red tape. Bill Wisecarver, the 
exasperated director of commerciali- 
zation for the station, complained last 
December that NASA's own space ex- 
perts, grounded as they are in science 
and engineering, just “don’t under- 
stand how the economics of the pri- 
vate sector work." 

NASA is also contending with 
Russia's painfully slow work on the 
station's Service Module—the all- 
important power, control, and habita- 
tion structure from which the rest of 
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litical risk," Boeing's Stone frets, "is 
dealing with the Russians." 

“If the Russians pull out of the 
Service Module, yes, we can build the 
space station,” says Gretchen W. Mc- 
Clain, NASA's director of space sta- 
tion requirements. But if they renege 
on the propellant and resupply opera- 
tion too, she says, the station would 
be in serious trouble. “If they pull out 
altogether tomorrow, it would be a 
bad day on the Hill. I probably could 
see the program getting canceled.” 

But McClain remains optimistic. 
“It’s been a battle and a struggle, but 
what's intriguing to me is that it is a 
concept that was started years ago 
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program went away tomorrow, you'd 
see the unmanned program go away," 
says McClain. *I believe the heart and 
soul of space is the human element. 
People can relate to that. You've got 
the young kids thinking, ‘God, Га 
love to be an astronaut. Wouldn't it 
be great to be up there, to touch and 
feel,' and I think that's part of the ex- 
citement about it." Ф 


Space 


Out of this world: A day 


in the life of an astronaut. 


By Mark D. Uehling 


HORTLY BEFORE HOUSTON’S DEFINITION 

of dawn, International Space Station, Node 2. The 

vear is 2006. You rub your eyes and stretch, still zipped 
into a duffel bag that holds you securely in your closet- 
cubicle. In here, it is as quiet as the desert and as dark as 
the womb. You have slept better than at home. But nature 
calls. You float to the ISS restroom, hoping to arrive before 
vour 64-year-old mission commander, a one-time vice 
president of the United States. 

But as it turns out, the head is occupied. So it's on to 
the “shower.” There is no spray: With so little gravitv on the 
station, water floats instead of falling. But you are grateful 
for that hose, which dispenses a gallon of water that you 
smear onto your skin. The detergent emerges as a narrow 


cord of paste with the consistency of Crisco. The same stuff 


In the weightless environment of space, everyday activities present new 
challenges. Experiences on the space shuttle have helped prepare astronauts 
for life aboard the International Space Station. Clockwise from top: Susan L. 
Still entering data into a computer; Loren J. Shriver eating chocolate candies; 
Brian Duffy applying shaving cream; Bjarni V. Tryggvason sleeping on the "floor." 
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NASA's TransHab 

Inflatable (short for trans- 
' portable habitat) 

shell would house four 
to six astronauts. 
While other sta- 
tion modules have 
metal casings, 
TransHab has ап 
inflatable shell 
made from layers 
of puncture-resis- 
tant fabric. If the 
design works well 
on the station, 
TransHab could be 
used as a base 
camp for the 
moon or Mars. 


Workers have already 
constructed the metal 
shell of Boeing's Habi- 
tation Module (known 
affectionately as the 
Hab). In the early days 
of the station, astro- 
nauts will live in the 
Russian Service Mod- 
ule. But if the Hab is 
added, the station 
will have living quar- 
ters for as many as 
seven people. 
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ITS PLACE IN SPACE 
The Habitation Module, to be launched in 
December 2003, will be the last piece. 
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The "hab" attaches 
to the Earth-facing 
side of Node 1. 
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was on the shuttle, with a fishy odor 
that goes away when you lather up. 

After drying yourself, you vacuum 
up the globules of water, hair, and soap. 
The moisture will be recycled into 
something you will soon drink. You don 
the same sweaty jumpsuit you have 
worn for the past week, and emerge. 
(Congress didn't splurge on a laundry 
for your 90-day ISS mission.) The temp- 
erature of the station—set manually 
by the crew but linked to sensors that 
automatically regulate humidity 
to prevent the windows from 
fogging up—is 70°F That's 
25 degrees cooler than the 
boiler-room environs of 
the old Mir. Another day 
has begun. 

Life-support systems 
on the American side of 
the ISS, you know, are 
the most advanced ever. 
NASA engineers can 
supply cleaner air, purer 
water, better food, and 
more sanitary toilet facilities 
than on the space shuttle. Life 
aboard the station may not be 
easy, but it is significantly healthier 
and more pleasant than in the past, 
allowing you to focus more intently on 
the scientific research and station-main- 
tenance chores that occupy you for 
about 9 hours a day. Back on Earth, you 
hear, perennial NASA critics still cross 
their fingers about how seamlessly all of 
the international equipment and soft- 
ware will work. But there have been no 
major glitches so far. 

That's what NASA expected. It had 
never professed any public concern that 
American lives would be endangered by 
sturdy but inexpensive Russian equip- 
ment. “The Russians have excellent 
engineers and excellent designs,” said 
Jim Reuter, the leading NASA engineer 
for environmental control and life sup- 
port. That was the whole point of going 
with them. As an example of backup 
systems within backup systems, Reuter 
had noted, either the Russian or the 
American air system could supply the 
needs of the entire station. But even 
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he had conceded that there are so many 
interconnected pieces of life-support 
gear from so many countries and sup- 
pliers that it would be impossible to pre- 
dict how they would interact. "It would 
not take much to have a catastrophic 
event," he had said somberly long ago. 
"I do lie awake at night sometimes." 
This morning, though, you are not 


$n drm 


To test biological systems for recycling oxy- 
gen, Lockheed Martin scientist Nigel Pack- 
ham seals himself in an airtight chamber with 
30,000 wheat plants for weeks at a time. 


thinking about disasters as you slip your 
stocking feet into the restraints on the 
floor of the galley. It helps to be an- 
chored while eating. The kitchen on 
the station, for the first time in NASA's 
history, has refrigerators and freezers. 
It may not sound like much, but it is a 
giant step forward. For the first 30 years 
in space, all food was kept at room tem- 
perature. Only now, in the 21st century, 
can refrigeration allow NASA to supply 
one of the most-requested items since 
shrimp cocktail: a deliciously intoxicat- 
ing beverage, dear not only to humans 
but to mammals everywhere: milk. Your 
commander says he drinks four bags a 
day—the bar codes should confirm 
that—to help with bone loss. 


“A glass of nice cold milk was re- 
quested for years," says Charles T. 
Bourland, a food scientist at NASA's 
Johnson Space Center. "It defeated all 
the technicians in the world. There is 
a delicate flavor and delicate structure 
there." Powered milk was summarily 
rejected. "It was not real cold. We did 
some work a number of years ago with 
a formula. We had some people who 
added some fat to it. But it wasn't that 
good." The refrigerator proved to be 

an easier solution. Gratefully, you gum 
some corn flakes and mix them in 
your mouth with milk sucked 
out of a straw. 

Later in the day, thanks 

to another kitchen appli- 

ance, you'll eat a frozen 
TV dinner just like the 
ones sold in supermarkets. 
The combination convec- 
tion/microwave oven 
automatically thaws your 
food (using heat blown 
around the oven), then zaps 
it with microwaves (working 
just as they do on Earth). 

The refrigerator, freezer, and 
oven mean that you and your col- 
leagues eat a healthier diet. “The 
shuttle food was low in fiber. The In- 
ternational Space Station food can 
overcome that with salads, fruit, veg- 
etables, apples, oranges, broccoli," 
Bourland had predicted. Now, with 
these foods delivered by the space 
shuttle a few times a year, you no 
longer have to take pills for the con- 
stipation that is common in space. 

One appliance is missing from 
your kitchen: a dishwasher. Instead, 
you wipe down your magnetic silver- 
ware with moist antiseptic towelettes 
similar to those at КЕС. It doesn't 
sound hygienic, but your comman- 
der reminds everyone that shuttle 
astronauts just licked their silverware 
clean. The empty food containers, 
if Russian, will be ejected into space 
to burn up on re-entry to the atmos- 
phere; American garbage will be re- 
turned to Earth on the shuttle. 

It's time to get to work. 


13 


water up here quickly meets the 
same dirty fate it does on Earth. Ex- 
cept up here it is returned to the tap 
іта pristine state 8 or 9 hours later. 
Your background is as an Air Force 
pilot in the Persian Gulf, so you're not 
an expert at laying pipe. Fortunately 
the ISS plumbing is easy to take apart: 
The parts have quick-disconnect, or 
O-D, joints that are spring-loaded. 
There are separate Russian and 
American systems for recycling air 
and water. The Russians barely moni- 
tor the water in orbit, pointing to their 
healthy crew members as proof the 
system is working. Your fellow Amer- 
icans take a top-of-the-line approach, 
providing ultrapure water cleaner 
than that in many U.S. cities. 
Like the shuttle before it, the sta- 
tion uses air pressure to whisk water 
away from the human body or a sink's 
drain. This mixture of air and water 
doesn't settle into the easy order that 
it does under the influence of gravity. 
So separating the two requires a large 
centrifuge spinning at 6,000 rpm. It 
recovers 85 to 95 percent of the water 
in your urine, leaving behind a pun- 
gent-smelling brine the color of ice tea. 
You have to marvel at the system. In- 
stead of venting water overboard, as 
on the shuttle, the American system 
transforms the water into steam and 
condenses it to a liquid again before 
additional stages of chemical, heat, 
and mechanical treatment. Then 10- 
dine is added to ensure that pipes and 
fixtures do not harbor bacteria from 
within the cabin. 
You can taste the iodine. Every- 
body can. “Even though we know it's 
clean analytically, we wanted to know 
if people would drink it or not. 
In general, people have rated 
it as something they could 
easily use as their everyday 
water," the ISS water guru, 
Robert Bagdigian, had said. 
"The main complaint is that 
it tastes medicinal." 
Water consumption, oddly, 
varies widely from culture to 
culture. Not until American 


Today, Houston has asked you to 
begin swapping out the Unibeds, as- 
semblies of tubes that are part of the 
station's elaborate water purifica- 
tion system. А few hundred 
gallons of water for the 
station are carried into or- 
bit or supplied from fuel 
cells in the shuttle. But 
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The unbearable lightness of space travel 
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Shannon Lucid stayed aboard Mir 
did anyone realize that astronauts 
typically drink more than twice as 
much water as cosmonauts, who 
imbibe just 1 liter per day. 

All of which reminds you: The 
bathroom has opened up. The hose 
for urine is familiar from the shuttle. 
(The man holds a small funnel near 
his penis; the woman presses a simi- 
lar but vented receptacle against her 
skin.) In both cases, weak air suction— 
but never enough to form a seal with 
your body—draws the urine away. You 
can feel the air, but it doesn't hurt. 
Once it's in the tube, the urine washes 
over small white tablets of oxone and 
sulfuric acid that everyone up here 
calls the "string of pearls," preventing 
the formation of potent ammonia. 

Part of the cleaner cabin environ- 
ment, you admit, can be traced to 
the receptacle for solid human waste. 
Prior to sitting down, you snap a poly- 
propylene bag into a canister; a ring 
on the bag holds it in place. The bag 
itself is porous—that allows air suc- 
tion, once again, to whisk feces away 
from the body. When you're finished, 
you place a lid on the bag. Finally, us- 
ing the orbital version of a kitchen 
trash compactor, you position a huge 
piston over your bag, and a motor 
smashes the piston down on top of 
the other astronauts' squashed bags. 
Every few days, depending on the 
crew size, a new empty canister 1s 
swapped in. As housekeeping tasks 
go, it's not bad at all. 

The new outhouse is definitely 
superior to those on the shuttle and 
Mir. They not only forced you to look 
at the excrement of your colleagues, 
but also caused feces to dry out and 
circulate through the cabin as a fine, 
unhealthy powder. "We've made a lot 
of steps in the fecal area," says Hu- 
bert J. Brasseaux Jr. at NASA's John- 
son Space Center. "Years ago, the 
shuttle toilet used to fail all the time." 

same story with the air. By many 
accounts, the atmosphere on the shut- 
tle and Mir was skanky—like high- 


school locker rooms that hadn't been 
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mopped in years. "We had problems 
with particles floating around," con- 
cedes Charles Ray, Life Support Sys- 
tem leader at NASA Marshall. "They 
had to make an improvement." Indeed 
they have. So have 


ial onboard is tested for outgassing. 
It's time for you to check on one 
of those experiments, a small soybean 
plantation. The commander has pri- 
vately threatened to toss the whole 
dirt-filled box 


overboard. But 
it represents the 
next step in life 
support: a com- 
pletely closed air- 
and-food loop, 


the Russians, 
who were not 
always able to 
control the smell 
of garbage on the 
overheated Mir. 


о Downthe Drain | 


| TO TEST the water-recycling sys- 
_ tems planned for the station, 
| Scientists use this recipe. 


The ISS air-fil- WASTEWATER AMOUNT with plants 

: STREAM (%) 
tration systems, grown and har- 
which vent some HANDWASH 29 vested in space. 
unwanted gases SHOWER WATER 24 Plants and mi- 


overboard, pay croorganisms 


HUMIDITY CONDENSATE 23 
much closer atten- В“ pi could even help 
tion to a long list Ai CELL 12 remove contami- 
of potential conta- URINE DISTILLATE. -.- 10. nants from the 
minants. In ground ORAL HYGIENE - . 1 water supply. It 
tests, the engineers TOTAL - 100% is that sort of 


research that will 
be necessary if 
humans are ever to 
establish settlements far beyond Earth. 
Back in the late 1990s, NASA's Don 
Henninger had said it might even be 
possible to put some of those more 
experimental approaches to eternal 
housekeeping problems into front-line 


scanned for as -— 

many as 250 trace 

contaminants; in orbit, 

they monitor 25 in real time. The air 
system now screens out particles as 
small as 0.3 microns. By comparison, 
the air system on the early shuttle 
only removed particles down to 280 
microns in size. Nearly every mater- 
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ND AIR have to be recycled as есеи as possible. Even the astronauts' urin 


service on the ISS. "These technolo- 
gies have proved very exciting on the 
ground and have definite potential 
in the station," said Henninger, the 
agency's chief scientist for regenera- 
tive life support. Biological approaches 
to supplying food, water, and air could 
not only save power aboard the station, 
but could also reduce the number of 
resupply trips required. 

Even before the space station was 
launched, engineers down in Hous- 
ton had locked themselves up in iso- 
lation chambers for 30 days, 60 days, 
90 days, even as long as 400 days at 
a stretch, to test prototype air- and 
water-recycling systems using wheat 
and other edible plants. 

Maybe someday you'll have fresh 
bread on the station. But even with 
today's TV dinners, you already spend 
4 hours a day on meals and hygiene. 
Exercise is prescribed for 2 hours a 
day. That leaves you just an hour of 
free time for the simple pleasures 
of life in space: The view of Earth 
through the window. A letter e-mailed 
from your family. Microwave popcorn 
with a movie. And the friendship of 
the crew members with whom you 
share this tiny world. > 
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THE LACK OF Earth gravity has 
some striking effects: Opposite 
page, a candle flame becomes a 
ball. Above, insulin protein crys 
tals can grow bigger than they 
do on Earth. NASA scientists say 
that bigger crystals are easier to 
analyze, which in turn may lead 
to better treatments and perhaps 
cures for diseases. 
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By Mariette DiChristina 
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Science 


Research on the space station is really out there. 


O MAYBE YOU'RE THINKING THAT BEING IN 

space would be cool, but you're wondering what on 

Earth— well, off Earth—is so special about conduct- 
ing science in a lab aboard the International Space Sta- 
tion? NASA has an answer for you: Microgravity. 

Microgravity, which translates to one-millionth of the 
force felt on Earth, is the only gravity that will exist on the 
space station. How weak is that? While a coin dropped 
from 6 feet on Earth takes half a second to hit the ground, 
aboard the station the same coin would take 10 minutes. 

The dearth of gravity causes some striking effects—car- 
rots can turn and grow upward, forming a “и” shape, and a 
candle flame becomes a blue ball. NASA researchers say 
that without the interference of Earth's gravity, many other- 
wise-hidden processes could be revealed in basic science 
research. “This will be a lab that will be unique in the world,” 
says John-David Bartoe, the station research manager at 
Johnson Space Center in Houston. While there are no 
guarantees about practical applications, NASA researchers 
say, space station research could lead to new treatments 
for diseases, better materials and alloys, and even more 
efficient use of fuels. With the station's orbital | 
vantage point and mission duration, instru- 
ments aboard could also conduct Earth- 
and space-science studies. 

The completed station will have six 
laboratory modules: one each from the 
United States, Europe, and Japan; two 
from Russia; and a sixth module, built in 
Japan and operated by NASA, with a 2.5- 
meter centrifuge. There'll also be outside at- 
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tachment points for experiments that need to be exposed 
to space. The station will enable projects of longer dura- 
tion than the shuttle, and its facilities will be bigger and 
freer from vibration than the Russian Mir. As currently 
scheduled, the experiments will be launched between No- 
vember 1999 and December 2003. Some science work will 
be conducted before all the equipment is aboard the sta- 
tion. There will be several main areas of research, and 
most of them share the goal of understanding how vari- 
ous things work without the influence of Earth gravity. 
Of course, not everyone agrees that research in micro- 
gravity is so useful—and indeed, many researchers have 
harshly questioned the station’s potential value to sci- 
ence. “Most scientists regard microgravity as one of the 
least important variables you can have,” scofts Robert L. 
Park, a University of Maryland physics professor and the 
director of the Washington, D.C., office of the American 
Physical Society. While NASA researchers point to the 
benefits of having humans to intervene in case of poten- 
tial problems or to redirect an experiment, others prefer 
using expendable, less costly robotic missions to solve 
scientific questions in space. 
But since science will be conducted 
aboard the station despite the debate, what 
will that science really be like? For the as- 
tronaut planning to conduct a series of 
experiments, the work would begin the 
night before. On a laptop, he would re- 
view the research plans and step-by-step 
procedures, as well as the location of 
needed equipment. A conversation with the 
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ONE OF SIX science modules, the 
Japanese reseafch lab offers a 
pressurized interior, where the 
astronauts can work in shirt- 
sleeves; an outdoor area for 
experiments that require the 
vacuum of space; an outdoor 
manipulator arm; and stowage. 
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Lab area with materials 
(i.e., metals) and life science 
(i.e., protein crystals) racks 


hook onto 
something." A sec- 
ond laptop will control 


Remote 


manipulator 
system 


ground-based scientists can see how 
their experiments are progressing and 
even make control adjustments to 
them. Once the station is manned 
with its full complement of six in 
2002, the crew will normally spend 
half of its time on science. 


Because 
there 15 — 
no "down" 
In space, 
_ the sclence 
` racks line 
all four 
walls. 


What sorts of experiments will they 
do? With hundreds of researchers 
submitting proposals to peer-review 
panels, there'll be quite a variety. 
Not all are decided upon vet, but 


the experiment—the astro- 
naut can push buttons to open 
valves or operate other controls. If 
the project is sensitive to outside 
contaminants, it may be placed in a 


ground crew would provide any last- 
minute adjustments or changes. 

The next day, the astronaut would 
gather the equipment and strap it 
down to the nearby walls with Velcro. 
With one laptop's screen displaying 
the step-by-step instructions, he would 
stick his stocking feet into moveable 
footholds to remain fast. "If you don't 
restrain your feet, every time you touch 
the keyboard you'll push yourself 


away," says Bartoe, who has flown on 


the shuttle. “After a week, you get 
pretty clever just using your toes to 


"glove box." Then, the astronaut will 
simply stick his hands into rubber 
gloves reaching into the box to ma- 
nipulate the experiment or handle re- 
search animals. 

АП of the experiments will be kept 
in refrigerator-size racks. Most of the 
racks will be dedicated to a single 
general discipline each, like materials 
science. The racks share common 
wiring and plumbing. Each experi- 
ment fits in a self-contained drawer— 
kind of like a filing cabinet—that can 
easily be popped out and sent back to 
Earth upon completion and replaced 
with another one. 

Once the experiment is set up, the 
ground crew may take over monitoring 
so the astronaut can go on to other 
tasks. There'll be a link to Earth so 


some general areas stand out. 

One idea that NASA scientists 
bring up early in any conversation 
about station science is growing pro- 
tein crystals. The crystals would form 
from solutions sent up in special con- 
tainers and be returned to Earth after 
several weeks. Because a protein is in- 
volved in some way in every human 
illness, understanding these crystals 
can help unlock new disease thera- 
pies—and space station supporters 
have suggested that treatments for 
cancer, diabetes, AIDS, and influenza 
are in the offing. 

[n space, crystals can grow bigger 
and more perfectly, making it easier 
to analyze them with X rays to deter- 
mine their structure. Understanding 
a protein crystal's structure is key to 
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ITS PLACE IN SPACE 
Astronauts will conduct research using the © 
facilities in and outside of the station. 
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Six research j А 
modules (in red) d 
form the labs. 


figuring out how to thwart the dis- 
ease the protein causes. “When you 
grow a crystal in Earth gravity, lighter 
material floats upward while heavier 
material sinks,” says Lawrence De- 
Lucas, who heads a NASA space de- 
velopment center at the University 
of Alabama at Birmingham. That can 
make crystals form imperfectly. But 
“їп space, the weight doesn't exist," 
says DeLucas, so the molecules may 
have more time to arrive at the best 
orientation in the crystal. 

DeLucas says his previous work 
growing crystals on shuttle missions 
has already helped locate the Кеу 
areas of the proteins that enable in- 
fluenza to spread in the body, and 
to design a drug to block the disease. 
The drug is scheduled to enter human 
clinical trials this summer. Nonethe- 
less, some scientists remain skeptical 
about the potential of space crystals 


Space Research Smorgasbord 


NASA PLANNERS ARE CONSIDERING an array of research 
areas for the space station. Here's a sampler: 

* Biotechnology To learn more about the mechanisms of 
disease and how to combat them, researchers will use a 
spinning cylinder called a 3-D bioreactor to grow cell cul- 
tures that may be more like natural tissues. 

* Materials Science Without gravity's influence, the under- 
lying mechanisms that occur during the gradual solidification 


of molten metal could be revealed. 


* Fundamental Physics In a project led by a Nobel prize 
winner, a powerful magnet will help search for particles of 
antimatter to gain clues about the evolution of the universe. 


to make a big difference, arguing that 


Earth-grown crystals have resulted 

in spectacular successes, such as the 
family of AIDS-treatment drugs called 
protease inhibitors. But DeLucas re- 
mains hopeful: "There's so much po- 
tential," he says. 

Scientists would also like to gain a 
better understanding of what happens 
as molten metal cools and hardens in 
microgravity, with the ultimate goal 
of creating better alloys. A special 
furnace facility will melt metals while 
instruments record the changes. "When 
you look at the microscopic level, you 
see these things called dendrites that 
look like Christmas trees—they’re the 
parts that have just solidified,” says 
Bartoe. "If the transition is too fast, 
dendrites can grow in a disorderly 
fashion. Then the metal is more brit- 
tle and of less value. Gravity works 
against you on Earth—hot metal rises 
and cool comes underneath. There's 
a lot of turbulent motion." However, 
"in microgravity, the boundary be- 
tween liquid and solid is very quiet. 
You can see what's really going оп,” 
says Bartoe. Fast-action photography 
will capture the transition. 

Microgravity will also help in the 
search for more efficient ways to burn 
fuel. An early station experiment will 
use a special breadbox-size chamber 
to burn a spray of fuel, similar to the 
way fuel is burned in automotive 
diesel engines and large boilers on 


Earth. Downlinked data will help 
combustion researchers understand 
the flame patterns, so they can develop 
better burners and improve space- 
mission fire safety. 

Astronauts will not only be con- 
ducting experiments, they'll also be 
the subjects of study. As Bartoe puts 
it, "We're building a space station to 
learn to live and work productively in 
space." Space has some traumatic ef- 
fects on humans—they lose bone and 
muscle mass, and their immune sys- 
tems may also be weakened. NASA 
researchers are hoping the findings 
from the studies of astronauts will 
help people on Earth. Like aging earth- 
lings, for instance, astronauts lose bone 
calcium— but they lose it 10 times as 
fast, or 1 percent of calcium each 
month they're in space. That's a trou- 
blesome obstacle for long-distance 
travel to, say, Mars. So station studies 
will aim to zero in on the cellular mech- 
anisms of bone loss and how to best 
combat it, whether through exercise 
or medicines. 

While the station is certain to teach 
us more about the human body in 
space, there are no guarantees about 
other findings. Still, basic research has 
often led to unexpected bonuses— 
what NASA chief Dan Goldin has 
called the serendipity of space science. 
Complicated, controversial projects 
like the Hubble Space Telescope have 
been proof of that. <> 


* Fluid Physics On Earth, lighter materials rise and heavier 
things settle. In microgravity, only atomic forces are at work. 
One application: understanding how soils "flow" during an 
earthquake, to help design safer buildings. 

* Combustion Science Flame burns more cleanly in space. 
Researchers are looking for ways to burn fuels more efficiently. 
* Earth Studies A 20-inch optical window will give instru- 
ments a station's-eye view of Earth for monitoring atmos- 
pheric gases such as the planet's protective ozone layer, trends 
such as reef bleaching, and events like hurricanes. 


s Life Sciences Astronauts lose bone and muscle mass in 


^S Моге science experiments www.papsci.com 


space but regain it when they return to Earth. Researchers 
will look for clues for how to help solve those difficulties, 
which may help aging people on Earth.—M.D. 
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Our reporter 


working to broach the last fron- 

tier, to seek all those scientific 
and engineering benefits destined 
to enrich life on Earth. They've got 
all the phrases right and say them 
with just the right conviction. 

But when conversations with sea- 
soned astronauts shift from the space 
program to space walking, you get the 
feeling that those ideals aren't really 
why they go into space after all. The 
true reason: It's fun. 

‘Talk spacewalking, and something 
inside them goes off: Eyebrows lift. 
Eyes light. Voices lighten. “It’s an 
amazing miracle," says four-time 
spacewalker Jerry Ross. “Every so of- 
ten you stop your work, look around, 
and think, "This is astonishing; I can't 
believe I’m here.” 


S URE, ASTRONAUTS ARE 


steps into an 


astronaut's shoes 
and finds them 
tough to fill. 


By Robert Gannon 


tory of spaceflight thus far. The work 
will be meticulous, dangerous, frustrat- 
ing, and exhausting. But mostly, fun. 

То understand, try to put yourself in 
the boots of a spacewalker. At Hous- 
ton's Johnson Space Center, I found 
out that even getting into those boots 
isn't simple. 

Over my briefs, I first slipped into 
snug long johns embedded with 300 
feet of one-eighth-inch-thick tubing 
through which cooling water would 


Those now in training have much 
to anticipate. If all goes as planned, 
starting in June, the building of the 
"station" (nobody in NASA says Inter- 
national Space Station or even 155) 
will require an immense number of 
those glorious spacewalks, 75 or so. 
That's more than 1,100 hours— more 
spacewalking than in the entire his- 
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flow to protect against overheating 

(often a bigger problem than the cold). 
Next, the pants: I lay on my back, wrig- 
gling, as two NASA technicians pulled 
them up for me—as they always do 

for astronauts who are on the ground. 
(We skipped the urine collector.) Then 
they neatly clamped the boots in place. 

The worst part of getting into a 
spacesuit is struggling into the hard- 
shell torso section. It hung on a rack 
like a chest-high exoskeleton, too 
heavy—about 185 pounds—to manip- 
ulate. As instructed, І crouched down, 
not quite kneeling, and with uplifted 
arms, shoved myself upward, squirm- 
ing, pushing with tired knees. Halfway 
up, feeling for armholes in the surpris- 
ing blackness of a spacesuit’s inside, I 
suddenly felt I was getting stuck. That, 
too—so astronaut Jim Newman had 
told me earlier—is standard. 

The helmet plopped on quickly— 
but I couldn’t have done it alone, ei- 
ther. In the zero-gravity, or zero-g, of 
orbit, things are easier. An astronaut 
dresses himself—but his fellow space- 
walker is there to aid him. 

In Houston, suit-up is quick, maybe 
10 minutes. But in orbit, the proce- 
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Want to walk with the astronauts? At 
NASA training facilities, Contributing 
Editor Robert Gannon learns that just 
getting suited up is a challenge requir- 
ing assistance: He lays down as pants 
and boots are put on (top). Then, he 
makes a squirming push into the top 
(above). The helmet plops on easily, 
but even that requires help. 
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MISSION: Attach 
front and station handrails. Allows 
use of both hands to perform tasks. 


1 ESSENTIAL SPACEWALK GEAR 


DETAIL: Can carry replacement 
parts as heavy as 75 pounds while 
astronaut moves hand-over-hand to 
a work site. 


Spacesuits protect 
astronauts in the 
extremes of space, 
from -250°F to 250°F. 


MISSION: Has *4-inch drive, 
25 foot-pounds of torque at 5 to 
60 rpm in forward or reverse for 
running jackscrews in and out. 
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DETAIL: Programmable via 486 
computer to preset torque speed 


thrusters 


1 D 


ngeraarment liner چ‎ 


Маб 
Pressure-garment ег ай 
Coated nylon гір 


Insulation layers of alumini2 


ling tubes а 


and number of turns. 


М l 5 © Í 0 М га 


Ortho-fabric cover — 


dure stretches to nearly an hour while 
the spacewalkers breathe pure oxygen 
(to purge blood of nitrogen to avoid the 
bends), drop the lock's air pressure, and 
consult checklists displayed on their 
television wristpads. 

That's what it will be like when New- 
man and Ross— scheduled to hook up 
the first two station sections—get ready 
this July. They'll valve out the last air 
from the lock (feeling their suits be- 
come even more rigid), and checking 
once again to make sure their tethers 
are hooked, swing open the hatch— 
then out, out into the vacuum of space. 

Since this won't be their first time, 
they won't wonder if they'll have that 
fear of falling. Some do; they instinc- 
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tively clutch the hatch side for a mo- 
ment, even voice a little “Uh!” 
Newman, 42, who holds a Ph.D. 
in physics, last spacewalked three years 
ago. Ross, a 50-year-old ex-test pilot 
from Indiana who decided to become 
an astronaut in the fourth grade, last 
worked outside the shuttle in 199]. 
That's a long time to be confined in- 
side for both of them, they say, and 
so once again they'll be busy absorb- 
ing it all. They'll again be astonished 
at the clarity, at that huge lumines- 
cent Earth stretching right there, not 
looking like a map at all, but actually 


revealing depth: Mountain ranges pro- 


trude, valleys are slashes, bands of clouds 


really do float along above the surface. 


ROUND SCOOP 

The scoop enabl 
walking astronauts to hold objects without 
dedicated handles. Like a cupped, grasping 
hand, the scoop locks onto a specific cone- 
shaped fitting on an object. 


DETAIL: The fitting also can be grasped 
by the robot manipulator system. 
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MISSION: The 4-inch ratchet wrench 
handles tasks requiring a few turns, and 
provides a backup for battery tools. 


DETAIL: With its high-strength 
steel, the space wrench can support 
a working load up to 120 foot-pounds 
—almost twice that of a wrench in a 
home toolkit. 


Which way is down? That's a rare 
question on Earth, but one faced by 
anybody in zero-g. “Some feel that 
wherever their feet are, that's down, 
even if they're walking around the walls," 
says Newman. "But I’m one of those 
who feel that what was down still is." 
During training, of course, mockups 
have floors and ceilings, "and in space, 
if l'm upside down in the same envi- 
ronment, I feel upside down." 

Nothing can prepare an astronaut 
fully for a spacewalk, but I found that 
NASA's Virtual Reality Lab can help. 
The lab doesn't look like much—a 
crampy office with a garage-size stage 
off to the side. But when I slipped on 
one of the two sets of VR gloves and 
helmet, suddenly emerging from the 
lock, I was in space. That first view is 
so intense | momentarily got woozy; 
I searched for something to grab onto. 
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I floated alongside the U.S. Node 
|, and snugged up to it I saw the Russ- 
ian FGB (a basic power module), just 
where it should be, detailed down to 
the handholds. 

Someone with me in the lab slipped 
on another pair of VR gloves and hel- 
met, and instantly I had company on 
my virtual spacewalk. It was fellow 
spacewalker Ross, a perpetual smile 
scanned onto his visor. (Had I been 


Virtually in Space 


BEGLOVED AND HOODED, writer Robert Gannon 
lifts equipment during a virtual spacewalk. 
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wearing the other helmet, my buddy 


would have been a smiling Newman.) 


I waved to the floating being; he saw 
me and waved back. 

Suddenly, off to the side I caught 
a movement. Slipping out from be- 
hind the orbiter was Earth—immense, 
overpowering, dominating. Italy slid 
by, seemingly so close that I could 
have dropped a wrench on it. 

In the VR lab, astronauts also 

dei lo to handle 
ООШ Weights, with 

e help of a silver 
cube, the size of an 
^ oven, that has two 
handhold bars in front. 
It's suspended in mid- 
air, held there by eight 
thin cables running 
from box corners to 
room corners. Each 
cable is controlled by 
a high-torque motor 


inside the cube. The box 
weighs about 80 pounds, 
but its simulated weight 
can be almost anything. 
Begloved and hooded, I 


Splashdown: Left, a crane lowers astronaut 
Jim Newman Into a giant training pool, where 
he'll practice spacewalks. Above, in space- 

sult undergarments, cooling tubes of liquid 

help regulate body temperatures. 


tried out a simple training task: I was 
to pull an 835-pound plate the size of 
a stove top out of a rack, then hold it 
steady as the robotic arm I was teth- 
ered to lifted me and my parcel up- 
ward. Simple. 

I reached out to grab the laboratory 
cube handles—but what I saw in my 
hood was that plate. My hand grasped 
its rails. I gave it a little pull. It seemed 
oddly resistant, so I gave it a healthy 
jerk. It came out all right—and kept 
on coming, nearly knocking me right 
off my stool. 

What happened was that in the 
simulated zero-g of space, I subcon- 
sciously judged the box to weigh 25 
pounds or so. But the computer, 
controlling those eight motors, was 
calculating 835 pounds. I wasn't allow- 
ing for mass. 

Holding the plate steady as my 
virtual platform rose was even odder. 
The plate and I lifted slowly, and even 
though I was holding it at its edge 
(impossible on Earth), it weighed noth- 
ing. But the helmet tickled my ear, and 
when I let go with one hand to scratch, 
the plate got off balance; my wrist 
wasn't strong enough to hold it level. 
Even though I quickly grabbed it with 
the other hand, it started oscillating, 
wider and wider. 

Suddenly I got the idea. I success- 
fully learned to damp it. Caught it 
just before it flipped off into space. 

While astronauts say that the VR 
feeling of floating is very real, irritants 
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Hands-On Designs 


DON'T LET mechanical engineer Amy 
Ross start in about space gloves. 
She'll talk about the palm plate and 
the dual qimbal, the metacarpal 
joint and the bladder convolutes, 
and... well... you get the idea. 


Space gloves must be protective—yet 
flexible enough for delicate tasks. 


Ross has a special interest 1n 
the International 5pace Station: Her 
father, Jerry Ross, will be bolting the 
first two sections together. In her 
office, reaching toward space, rest 
two of his molded hands, and her 
Job 15 to glove them in something 
protective, comfortable, and usable. 

Not an easy task. In NASAS 
spacesuit lab I tried the Glove Box. 
It's a plastic cube with two holes 
through which gloves are inserted 
for testing. Pump out the air until 
it's 4.3 pounds per square inch below 
ambient pressure (the suit pressure 
on spacewalks), and the elbow- 
length gloves balloon. I slipped my 
arms into the gloves, then tried to 
work with an oversize socket wrench. 
I felt like a lobster—and these are 
the best space gloves in the world. 

Trouble 15, space gloves must in- 
sulate (down to -455°F), resist dam- 
age (to cut them with a knife you 
have to saw), fit well, and even pro- 
vide heat (by fingertip elements). 

After 15 minutes, my fingers 


were tired and cramping and frus- 


tration was putting me in a rotten 
mood. My hands, I learned, are 
simply out of shape.—R. б. 
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still often appear in space that don’t 
show up on Earth. "There's a place 
right under mv left shoulder blade that 
gets bruised every time I’m in orbit,” 
savs Ross. “I fit into the suit differ- 
ently without gravity.” 

And in space, astronauts have con- 
that thes 
don’t have on Earth. “One time I just 


cerns—fleeting as they are 


happened to realize that 
the suit [ was wearing 
is not real thick,” re: 
calls Newman. “If a 
micrometeorite comes 
by at just the wrong 
time and pops you, 
you re toast. But then 
| thought, ‘Nobodys $ 
been popped vet.’ 
“And here’s another,” 
continues Newman, “a question both 
my wife and my mother asked before 
my first flight: What happens if the 
tether breaks? Easy. On [pre-station 
flights], the commander could simph 
move the shuttle over to vou. Now 


things are even easier—we have Safer." 


[hat's an emergency pack with jets 
that a drifting crew member could use 
to blow himself safely back home. 

Spacewalking astronauts also think 
about accidentally ripping the suit— 
but it's tough, and the station's surface 
should have no sharp edges. If a suit 
does get punctured, an emergency oxy- 
gen supply can be tapped that will 
keep it inflated for 30 minutes even 
with a eighth-inch hole. 

One incentive for avoiding space- 
suit leaks is sharply brought home by 
a demonstration shown to crew mem- 
bers when, still dressed in their space- 
suits, they rest in a Houston vacuum 
chamber while air is pumped out. 
“There's a cup of water sitting there 
on the floor,” recalls Newman. “The 
boiling temperature, vou know, keeps 
dropping as the air pressure drops. When 
it reaches 0.6 pounds per square inch, 
the boiling point and freezing point 
merge. The water in the cup suddenly 
bubbles, boils very rapidly, and then 
crack, it freezes. At 0.6 psi, blood will 


do the same." 
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BORN: July 26, 1949 

HOME: Oak Ridge, Tenn. 

ROLE: Shepherd and two crew mem- 
bers will fly on a Soyuz rocket in Jan- 
uary 1999. As the ISS commander, he 


will be first aboard the station. 


JAMES NEWMAN 


BORN: October 16, 1956 

HOME: San Diego, Calif. 

ROLE: А crew member on the first 
shuttle mission to assemble the sta- 
tion, Newman will spacewalk 

to connect the first two sections. 


То rehearse the choreography of the 
first construction mission, and to help 
sidestep problems, spacewalkers prac- 
tice day after day in what NASA calls 
the Neutral Buoyancy Lab. The work 
of that first mission is to hook Node 1 
to the Russian FGB. The orbiter will 
shove them together in the same way 
the shuttle docks to Mir. The maneu- 
ver is challenging, but the true drudgery 
comes during the three 6-hour space- 
walks when the workers will first attach 
such things as foot restraints, tether 
guides, and handrails, then the critical 
Huid lines and electrical cables. Haul- 
ing those cables around and hooking 
up scores of connectors is especially 
rough work, meticulous and tiring. 
Cables can entangle, pins can bend, 
fittings can break. 

The Neutral Buoyancy Lab is one 
of the biggest swimming pools in the 
world—a hundred feet across and twice 
as long, its 40-foot depth 15 large enough 
to hold major station sections. The 
building containing it is so huge it looks 
empty, even though at least a hundred 


BARBARA MORGAN 


technicians are attending to the needs 
of just two will-be spacewalkers. 

Ross is there, built like a quarterback, 
looking as solid as a post in blue booties. 
So is Newman, tall and graceful in his 
tubey long johns. 

'Trussed to an iron platform, they're 
dressed Бу their attendants. Then, be- 
cause they can't walk in those space- 
suits without falling down, a crane 
plucks up the whole works and gently 
lowers it into the water. Newman tries 
an awkward little wave just before his 
faceplate submerges. 

Underwater, they're more mobile, 
but still act like arthritic walruses as they 
wire and bolt and assemble components 
on à detailed mockup of the first two 
station sections. Here too they have 
attendants, hovering like pilot fish, tug- 
boating them from one site to another. 
Swimming by themselves is pitiful. 

For each of the three spacewalks, 
they must practice the 6-hour routine 
underwater 10 times. That’s a total 
of at least 30 days. You’d think they’d 
eventually get sick of it. 


JERRY ROSS 


But everyone agrees, pool training 
is superb. “I’ve seen beginners com- 
pletely exhaust themselves in a half 
hour,” says Ross. “They’re fighting to 
make the suit do things that it’s not 
capable of, and they haven't learned 
how to finesse themselves around in 
the water—moving too fast, trying to 
maintain orientation, failing to tether 
themselves to counteract the forces 
they're applying.” 

Adds Newman: “In the pool you 
have to fight the viscosity and the 
gravity. When you go head down, your 
shoulders are resting against the neck 
ring—that’s what’s holding you up— 
and the blood rushes to your head. Not 
pleasant. Things are easier in orbit. 
Water work is like training for a mar- 
athon with leg weights." 

Up near the building's ceiling, the 
operation control room offers a won- 
derful overlook of the pool and its 
contents, But nobody looks out those 
picture windows. They all stare at the 
nine TV screens, at scenes from cam- 
eras carried by swimmers, and they 
listen to underwater conversations. 

“Well, this is pretty real,” I hear Ross 
say. “I’m upside down and backward, 
and I just broke another connector." 

Then Newman: "Where are the 
handholds here?" 


BORN: November 28, 1951 
HOME: Fresno, Calif. 

ROLE: Originally a backup for 
Christa McAuliffe, Morgan, a 
teacher, could fly as early as the 
summer of 2000. 


BORN: January 20, 1948 

HOME: Babylon, N.Y. 

ROLE: With 850 hours in space, Ross 
is NASA's most veteran astronaut. He 
will spacewalk with Newman on the 
first assembly mission. 


Someone topside: "What? Thev’re 
not fastened on yet?” 

“Nope.” 

“I asked for them three weeks ago. 
Г] order them again." (In space, order- 
ing 1$ more difficult.) 
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NASA 


Astronauts worry about such things, 
items forgotten, holes unaligned, fas- 
teners bent. It's inevitable. Newman 
tells the story of his first flight, when 
a -inch wrench failed to fit a *4-inch 
nut. The wrench had been beauti- 
fully designed, machined to perfection. 
"But after fabrication, they painted it. 
Changed its size." 

As for me, after my brush with space- 
walking equipment, Га have another 
worry, and I don't think Га make it 
even if they'd have me. I don't see how 
[ could go a full workday without blow- 
ing my nose or scratching my ear. <> 
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John Glenn, the first American in orbit, 


could pave the way for civilians in space. 


Ld QUU JOHN GLENN." SCOTT CARPENTER'S VOICE 

on the comm loop echoed into history 4 seconds before the 

$ Atlas rocket engines ignited into orange-white flame. A mo- 

ment later, the first American to orbit Earth was on his way, climb- 
ing through the mid-morning Florida sky. 

It was 1962. The risks of spaceflight were mostly unknown, the 
dangers fierce and real, and a handful of gutsy men, on the ground 
and above it, ran the race of their lives to win the high frontier. 

“People have forgotten that it was a race,” John Glenn says 
today. “The Soviets were ahead of us and they were making a lot 

of hay, claiming the superiority of com- 
B y | im Schefter munism, selling their ideas to under- 
developed countries around the world." 

It was up to the original seven astronauts, selected in 1959, 
to play the role of both test pilot and test subject. 

"There were a lot of questions about human capacity in space," 
Glenn says. "Doctors even thought that the human eyeball would 
change shape in weightlessness and we wouldn't see clearly." 

Glenn answered many of those questions in his three-orbit, 
4-hour 55-minute Project Mercury mission, which included an 
eye chart he could read perfectly. He was 41. 

Now he will have the chance to answer new questions when 
he rides the space shuttle Discovery for 10 days in late October. 
He will be 77, and will become the oldest human ever to hurtle 
beyond the bonds of this planet. 

There is some controversy over this flight—the cynic's view is 

The once and future that it is a play to Congress and a nostalgic public for more money 
astronaut: John Glenn for NASA. But others see Glenn as being in the vanguard of paving 
is getting ready to blast | | ; 

hadk into arbit aboard the way for regular folks to spend time in space. 

the shuttle this October. Glenn first left Earth as a test pilot and Marine colonel. He 
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John Glenn 
pauses during 
Mercury-Atlas 
6 mission train- 
ing in February 
1962 at Cape 
Canaveral, 
Florida. 


returned to be covered in glory, and 
was considered such a national treasure 
that President John F. Kennedy quietly 
passed the word that he should not 
be risked in space again. When Glenn 
periodically asked Robert Gilruth, di- 
rector of the Manned Spacecraft Cen- 
ter in Houston, for a place on a two- 
man Gemini crew, he was gently re- 
buffed. "Headquarters isn't ready for 
that just yet," Gilruth would say. 

“I finally got the message," Glenn 
says. He retired from the Marines 
and, in 1974, won election to the U.S. 
Senate from Ohio. He will be retiring 
from that distinguished career at the 

№ end of this year. 
But first, there’s another trip into 
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3 gs (three times the force of Earth's 
gravity) during launch and reentry, 
and that only briefly. 

"My Mercury capsule would fit 
into a corner of the shuttle payload 
bay," Glenn says, chuckling. "And 
the most I could do in my flight was 
loosen the straps that held me in." 

He endured and suffered much 
more in training for Mercury than 
he will to prepare for his new mis- 
sion. Sessions on a centrifuge re- 
main painfully bright in his memory. 

“Al [Shepard] and Gordo 
[Cooper] and [ ran up to 16 gs," 
Glenn says with a grimace, "and 
that's a gut-buster. You even think 
about relaxing and every corpuscle 
wants to give up." 

When someone decided that a 
worst-case reentry scenario would 
have the Mercury capsule landing 
in high winds, then tumbling end 
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low Earth orbit. 

^Who would have thought that age 
would be an advantage in getting back 
into space?" Glenn muses. But that 
was how he convinced NASA, with the 
backing of researchers who want to 
know how an old body reacts to zero- 
gravity, that this was a trip worth taking. 

Compared with Mercury, the shut- 
tle is roomy and its environment is 
benign. Astronauts pull no more than 
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Sen. John Glenn heads to the centrifuge area 
at Brooks Alr Force Base in Texas this Febru- 
ary. The centrifuge helps ready astronauts for 
the forces experlenced during shuttle launch. 


over end, the doctors sent Shepard and 
Glenn back to the centrifuge. "They 


had us doing tumble-runs,” Glenn says. 


“We called them e-i-e-o— eyeballs in, 
eyeballs out." Both astronauts had 
shoulder-strap bruises on their bodies. 
But they passed every test. 


The faces of John blenn 
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Then the medics worried about an 
astronaut’s ability to recover if his craft 
spun out of control in orbit. They de- 
vised a rig with multiple gimbals and 
six degrees of freedom. Glenn sat sus- 
pended in the center with a hand con- 
troller that fired air jets. First they’d 
tumble him in one axis. He’d read the 
instruments, then recover with the con- 
troller. Then they did two axes, then 
made it all three—pitch, roll, and yaw 
—in a wild multidimensional gyration 
at as many as 30 rpm. 

“I was going tail over teakettle,” 
Glenn says, “but I showed them that 
an astronaut could regain control.” 

50 primitive was the Mercury cap- 
sule, and still so unsure of how an as- 
tronaut would manage in space were 
the flight surgeons, that there was to 
be no camera onboard when Glenn 
flew. Messing with a camera would 
be too distracting, they said. 

“Т went in to Bob Gilruth and said 
‘For heaven's sake, I’m not going to get 
so carried away with the camera that 
I'm not going to monitor the things 
I’m supposed to be monitoring,’ and 
he agreed," Glenn recalls. 

Engineers built a hand grip on a 
Leica 35mm so Glenn could both snap 
pictures and advance the film one- 
handed while wearing a glove. It didn't 
work quite right. Then a few weeks 
before he flew, Glenn went to Cocoa 
Beach, Florida, for a haircut and 
stopped at a drug store. 

"I saw a Minolta Hi-Matic camera 
for $45," he recalls. “It was one of the 
first cameras with an automatic winder. 
I bought it on the spot.” 

That camera went into orbit with 
John Glenn, and his one-handed pho- 
tos of a bright and radiant Earth below 
were published around the world. Cam- 
eras became standard spacecraft equip- 
ment from then on. 

Now Glenn, still lean and fit, is ea- 
ger to show that a healthy 77-year-old 
can handle whatever modern space- 
flight has to offer. The race this time 
is with age. But the words at liftoff 
should be the same. 

“Godspeed, John Glenn.” Ф 
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T'S OFTEN THE LITTLE 

things that make a trip go 

smoothly or prove to be the 
most memorable. Certainly, the 
space station makes use of a few 
special items not found in your 
typical travel kit. And here's a 
grab bag of simulations for those 
of us left behind who want to 


share the experience. 


Getting Down 


SOMEDAY, THE International Space 
Station will descend, but if you're 
frightened at the prospect of a million- 
pound hunk of metal falling out of the 
sky, take heart. NASA does have a plan to 
decommission the space station eventu- 
ally without creating havoc. 

The European Space Agency is plan- 
ning to build three expendable space 
vehicles by 2003: two of them will ferry 
propellant, the other will force the sta- 
tion to land in a designated area. Called 
an automated transfer vehicle (ATV), 
the craft will be unmanned, similar to 
the Russian Progress resupply vehicle 
but larger, with enough thrust to nudge 
the entire station down in a single 
piece—a cheaper and safer alterna- 
tive to hauling pieces of the sta- 
tion down in multiple trips. 

Roughly 90 percent of the 
station will be cinder by the 
time it reaches Earth's 
atmosphere; a Pacific 
splashdown is the 
plan.—Gunjan Sinha 


Checklist: Software, 
robot camera, atomic 
clock, shuttles, and 


a strategy for descent. 


ITS PLACE IN SPACE 
With an ATV, the station's landing can be nar 
rowed to а 500- by 30-mile area of the Pacific 


Robot Inspector 


A VISUAL inspection of the exterior 
of the International Space Station is 
a little more complicated and time- 
consuming than a walk around the 
family car. Making such inspections 


Flying SuperGuppy 


SPACE STATION components will have 
been in flight before the ISS gets 
into space, because the SuperGuppy 
15 handling the delivery of the pieces 
to the launch pad. The special cargo 
plane made by Aero Spacelines of 
California has a hinged nose that 
makes loading and unloading large 
pieces of equipment easy. An earlier 
version was used as far back as the 
Gemini and Skylab programs.—F. V. 


quicker and easier is the job of a small 
robotic craft that will periodically 
give the station the once-over. 
The beachball-size Aercam 
(Autonomous EVA Robotic 
Camera) was successfully 
demonstrated on the STS- 
87 shuttle mission last 
December, flying 150 
feet in 10 seconds. The 
35-pound 14-inch-diame- 
ter craft consists of bat- 
teries, a compressed 
nitrogen container, 12 
very small thrusters, two 
video cameras, a spotlight, 
radios, and a computer. 
The Aercam has soft cov- 
ering to prevent damage 
if it accidentally collides 


with an astronaut or another object 
in the shuttle's cargo bay. 
Once aboard the space station, 


Aercam will operate autonomously 
and be capable of recharging itself. 
At predesignated times, Aercam will 
inspect solar arrays for damage from 
micrometeoroids and debris. It will 
fly over the arrays and use its camera 
to inspect each solar cell. If a cell's ap- 
pearance has changed, an astronaut 
will be notified to look at the video 
and decide what to do. Other sensors 
could search for chemical leaks, un- 
wanted vibrations, or other potential 
problems.— Philip Chien 
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WHEN ASTRONAUTS feel home- 
sick, they can get a gorgeous view of 
Earth through a high-quality optical 
window. The Earth-facing window 
will incorporate the 
highest-quality opti- 
cal glass ever used in 
a crewed spacecraft. 
It's not all for 
looks, either. By 
2000, a rack above 
the 20-inch-diameter 
round window called 
the Window Observa- 
tional Research Facil- 
ity (or WORF) will 
accommodate sen- 
sors, cameras, and 
other instruments for 
Earth-science studies. Even earth- 
bound kids will get to use the win- 
dow: Through a program called 
EarthKAM (for Knowledge Ac- 
quired by Middle schools), students 
will be able to remotely request im- 
ages that they can use for school 
projects. The rack will include 
stowage area for the equipment. 


Time Finally Flies 


CESIUM ATOMIC clocks are now the gold 


standard of timepieces. The accuracy 
of today s most advanced model, the 


NIST-7 (designed and operated by the 


Department of Commerce's National 


Institute of Standards and Technology), 
equates to gaining or losing a second 


in 6 million years. That fantastic ac- 
curacy derives from the measurable 
vibrations of the cesium atom: 
9,192,631,770 per second. 
Remarkable as this 15, it can be 


After the station is completed, an 
updated power distribution unit 
from Brazil will enable more than 
one instrument to operate at the 
window at a single time. 

The window is fashioned from 
fused silica made by Corning. 


Unlike the soda lime glass used in 
home windows, which has a green- 
ish tinge from iron, fused silica glass 
is crystal clear and free of impuri- 
ties. The window is also polished 
very flat—over any 6 inches of its 
diameter, the surface variation 1s less 
than 63 nanometers, or billionths of 
a meter.— Mariette DiChristina 


several seconds. Thats why an advanced 
laser-cooled cesium clock will be placed 
on the International Space Station. 
Laser beams "freeze" the atoms 1n 
place, which adds to the long-term 
stability of the clock. The net effect, 
NIST scientists predict, is that the 


Being An Astronaut 
Makes Little Cents 


GOING INTO ORBIT isn't exactly a 
get-rich-quick scheme for Ameri- 
cans. U.S. astronauts on active 


military duty get their military pay 


and benefits, but the pay checks 
will hardly make them wealthy. 
Technically, an astronaut in 


Space 15 a Civil service employee оп 


official travel and entitled to an 
expense allowance. But because 
the government provides the 
transportation, living quarters, 
food, and clothing, it deducts 
these costs. What's left amounts 
to an “incidentals” bonus of about 
$2 per day, or roughly 1 cent for 
every 200 miles in space. Shannon 
Lucid's record-setting 188 days in 
space aboard Russia's Mir netted 
her a "bonus" of $376. 

Russian cosmonauts, by con- 


trast, get $1,000 bonuses for space- 


walks and other hazardous activi- 
ties performed 1n space, often re- 
turning to Earth very wealthy by 
Russian standards.—FP. С. 


to relativity. One is whether the speed 
of light 15 really the same in all direc- 
tions. The clock will also refine the 
accuracy of Global Positioning System 
readings, sharpen the definition of a 
second, and enhance our ability to 
synchronize clocks on Earth. 


The clock 1s scheduled to be ready 
to fly in five to seven years. The Jet 
Propulsion Laboratory will make 1t 


improved—in space. Gravity on Earth space clock will be at least 10 times 
limits how long each cesium atom can 
be observed. In the microgravity of 


space, each atom can be observed for 


as accurate as its Earth-bound brethren. 
The clock will help solve some fun- 
damental physics questions relating 


space-ready.—Arthur Fisher 
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FOR ALL OF THE physical science 
needed to get the space station as- 
sembled and into orbit, computers may 
be what keeps it up and running 
smoothly—or not. Computers will 
control everything from vital naviga- 
tion and life-support systems to earth- 
bound e-mail messages. 

The massive undertaking is made 
all the more complex by the fact that 
the software, always the trickiest part 
of any computer system, is being de- 
veloped by four separate U.S. teams, 
with Russian, Italian, and Japanese 
contributions. The U.S. portions 
alone add up to more than 3 million 
lines of code (written in Ada, long the 
preferred programming language of 
the Department of Defense), accord- 
ing to Joe Sherrill, command and 
control software manager for Boeing 
in Houston. Getting all the pieces 


Space at Mock Speed 


WANT TO GET a little hands-on ex- 
perience with the International 
Space Station? Here are a few 
ways to learn more: 

e [f youre traveling in Florida, 
the Kennedy Space Center provides 
a unique opportunity for you to 
view, from an elevated area, each 
space station module as it's read- 
ied for its trip into orbit. On ex- 
hibit are full-size mock-ups of the 
habitation and laboratory module, 
which houses the science labs, and 
Node 1, a connection piece that 
allows astronauts to move between 
space station modules. 

е Sarex (www.ccsds.org/sarex), 
a program that currently lets stu- 
dents talk to astronauts aboard 
the shuttle via ham radios, will 
extend that capability to space 
station astronauts. 

* (reate your own space sta- tested and integrated as a cohesive 
tion on your computer with the 
Skybase CD-ROM from Piranha In- 
teractive Publishing of Tempe, 
Arizona. The $30 Windows 95 CD- 
ROM lets you build and tour the 
currently planned version of the 
station. Learn about living condi 
tions 220 miles above Earth, and 
follow planned module launches 
from Internet sites as they hap- 
pen.—Suzanne Kantra Kirschner 


whole is the ultimate challenge. 
To make troubleshooting easier, 


Better Booster 


ONE KEY TO getting space station elements into orbit 
faster is a new external fuel tank for the space shut- 

tle being used for the first time aboard flight STS-91, 
scheduled for this month. While the tank containing 
liquid oxygen and liquid hydrogen appears identical 

to its predecessors, it is actually 7,500 pounds lighter. 
This means the shuttle payload will increase by the same 
amount. While the interior has been redesigned, the major 
change is the use of a lightweight aluminum-lithium mater- 
ial even stronger than the metal alloy employed previously.—F. V. 


the software that runs the trio of com- 
puter networks aboard the space sta- 
tion is written to operate in synchro- 
nous, or serial, fashion rather than the 
faster but more complex asynchro- 
nous. Fortunately, software behaves 
exactly the same in microgravity as 
it does on terra firma. "We have the 
ability to simulate on the ground 
exactly what we expect to see in 
space," notes Sherrill. 

In the event of a hardware hic- 
cup, the software will use a backup 
computer. The radiation-shielded 


computers are Honeywell-built PCs 
running Intel 386 microprocessors— 
yes, 386s—remnants of the Freedom 
project preceding the International 
Space Station. Sherrill claims the ex- 
tra power of a modern Pentium-class 
computer isn't needed. Furthermore, 
the 386s have already been space- 
tested and “hardened” to protect 
them from radiation that 
can easily damage elec- 
tronic gear. 
The space station 
crew will use more 
modern laptop 
computers run- 
ning Windows 95, 
frills included, for 
e-mail and other ac- 
tivities via a wireless 
RF network. The lap- 
tops will also be used 
to access CD-ROMs con- 
taining station maintenance 
information.— Chris O'Malley 
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What the 
Patch Means 


Blue represents 
the planet Earth. 


The chain symbolizes 
the thousands of 
people all over the 

b world who helped build 
the station. 


SPACE-traveling re- 
quires precise timing, 
so just any old watch 
won't do. Worn by 
both the Mir crew 
á and shuttle astro- 
nauts, the Speed- 
master Professional 
Х-33 Нот Omega 15 
the arms-on favorite 
of the spacey set. Natu- 
à rally, there is a countdown 
mode, and it lights up in the 
dark. A Mission Time chrono- 
graph displays elapsed time in 


Name That Station 


1984 President Reagan orders NASA 
to build $8 billion space station 
called Freedom by 1992. 

1993 Redesign yields versions named 
» Alpha, Beta, and Charlie. 

1993 Alpha plus Russia equals Ral- 


Е pha. Cutbacks shorten name to Ralph. 
1993 NASA submits Alliance, Alpha, 
Aurora, Sigma, and Unity names to 
White House. 

v 1995 No decision vet. International 

а Space Station moniker comes into use. 


1998 ISS delegates meet in Montreal 
to discuss name issue. No decision. 


Popular 


The laurel 
Stands for peace. 


represent the space 


Japan, and Canada. 


Stars and planets in 
deep space are goals 
yet to be achieved. 


The overall crucible shape 
is the container the ISS 
will АЦ with knowledge. 


B days, hours, minutes, and 
| seconds so you know ех- 
actly how long you've 
been in space. Astro- 
nauts insisted on a 
80 dB alarm so they 
could hear it 
above the back- 
ground din. (Who 
knew a spacecraft 
was so noisy?) The 
X-33 comes with a 
choice of a titanium 
bracelet ($2,995) or a 
bulletproof Kevlar strap 


pr ($2,595) that protects 


. against hostile fire from alien 
life forms, if they show up.—F. V. 


Backyard Views 


WANT TO EYEBALL ISS in 
space? Get up early or stay up late. 
Be ready to squint and don’t blink. 
When the space station is finally 
pieced together, the 100-meter-long 
winged colossus will be one of the 
brightest stars in the night sky. Mov- 


ing as fast as a satellite, the space sta- 


tion will appear no bigger than a dot 


to the naked eye. But through binoc- 


ulars, it will look slightly larger, 
roughly the same size as the planet 
Jupiter. During the day, you might 
be able to catch a glimpse of it by 
using special filters or a telescope. 


The five-pointed stars 


agencies of the United 
States, Russia, Europe, 


The best times to view the sta- 
tion, however, will be slightly before 
sunrise or sunset. The station will be 
closest to Earth at these times, but 
you'll be able to see the station only 
when it passes within a radius of 
about 620 miles from your location. 
NASA will post a schedule of view- 
ing opportunities at www.nasd.govy. 
Viewing opportunities may only be 
a few seconds in duration.—G.S. $ 
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Blink during a NASCAR race and 
you risk missing the thrill of a lifetime. 
Of course, in a world that moves at 
200 mph, we tend to work fast. At 
Ford, мете not about to slow down 
for anyone, but we do want to invite 
you in for a closer look. Into a sport 
where an entire work week is squeezed 
into a Sunday afternoon. And where 
our greatest success goes beyond the 
finish line. So get in tight with Ford 
Racing. But do it quickly. 


WE RACE. YOU WIN. 


Mir proves the perfect training ground 


for extended missions to space, be- 


cause things go wrong all the time. 


F YOU'VE EVER FELT LIKE 
your world was about to come 
crashing in around vou, then 
imagine how the six spacefarers on 
Mir orbiting 236 miles above the 
Atlantic Ocean felt when a fire sud- 
denly threatened to bring their mis- 
sion and perhaps their lives to а 
tragic end. The Russian-built Mir 
space station already had been in 
orbit for 11 vears, and Americans 
had been rotating through for the 
past 14 months. Up until the Feb- 
ruary 25, 1997, fire, Mir had experi- 
enced its share of problems, but 
they hadn't been life-threatening. 
“Seryozny! (It's serious!)" shouts а 
Russian voice as the alarm sounds. An 
oxygen generator is spewing flames, 
and since it contains its own fuel and 
oxygen supply, there is no way to put 
the fire out. Mir commander Valeri 
Korzun aims a fire extinguisher at the 
wall behind the fire, hoping to keep 
the hull's temperature below its melt- 


By Philip Chien 


ing point. As one fire extinguisher is 


exhausted, American astronaut Jerry 


Linenger hands Korzun another, 
^We had a good Нате on Mir,” 
recalls Linenger. "Probably а 2-foot 
flame, molten metal flying from that 
for another 2 or 3 feet—kind of a 
sparkler effect." 
The fire is so dangerous that the 


six-person crew may have to 
evacuate Mir. The flames, how- 
ever, block the way to one of the 
two three-person Soyuz space- 
craft that would be used to es- 
cape. Crew members start to wet 
down blankets that might afford 
some protection if they have to 
leap through the flames. 
Fortunately, the oxvgen gen- 
erator chooses that moment to 
burn itself out. The oxygen gen- 
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erator, generally considered to be a 
very reliable device, is believed to 
have had a contaminated seal, which 
sparked the emergency. 

An unusual day in space? Not ex- 
actly. Last June 25, cosmonaut Vasily 
Tsibliev was testing the procedure for 
docking a Russian Progress freighter 
manually. The remotely controlled 
Progress was approaching much faster 
than expected. [sibliev fired braking 
jets to slow Progress down, but to no 


No place for claustrophobics or neat freaks, Mir 
is a jumble of ducts, wires, conduits, electronic 
gear, and cramped humanity. In the midst of ap- 
parent chaos, crew members have performed re- 
search and livesaving emergency repairs. 


avail. Progress collided with Mir, but 
fortunately struck a noncritical area, 
the Spektr module, so lives were not 
immediately in jeopardy. Nonetheless, 
the crew could hear the hiss of air 
slowly leaking out into space. 

The slow change in air pressure 
allowed for an orderly but rapid shut- 
down of the impacted area. Astronaut 
Mike Foale shut off the computers in 
Spektr and unplugged the electrical 


connectors that brought power from 
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the solar array to the rest of Ми. The 
remaining lines that passed through 
the hatch were severed with a cable 
cutter. А blank hatch was put over the 
Spektr module to seal it off. During 
the shutdown, 15 percent of the at- 
mosphere had been lost. 

Repairs were eventually performed 
and power restored, but these emer- 
gencies and a host of others, about 
1,500 large and small, aboard Mir are 
now entries in the lesson plan being 
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MIR'S WORST 
PROBLEMS 


MOST OF MIR'S problems are 
minor ones. Still, nobody 
denies that Mir has had 

a nerve-wracking life in 
space. Here are the worst 
accidents it has endured. 


In addition to 
coolant and Freon 
leaks, other minor 
problems include 
їч occasional high 

| temperature, hu- 
midity, and carbon 
dioxide levels. 


Kvant-2 


Progress-M 


Kvant-1 Mir core 


Kvant-1, the first Mir 
expansion module, 
arrived on April 5, 
1987, but was un- 
able to dock. An 
EVA on April 11 
found a foreign ob- 
ject lodged in the 
docking adapter. 


The fire on February 
23, 1997, occurred 
in the Kvant-1 mod- 
ule, caused by a de- 
fective seal on an 
oxygen generator. 


Solar arrays and 
batteries lose 
efficiency over TR 
time, and Mir has Е. 
usually had power zm = 
problems. Many 
crews spent much 
of their time in the 
dark, without 
enough power to 
operate the note- 
book computer 
tracking programs 
that tell them 
where they're lo- 
cated over Earth. 


On July 17, 1990, two cosmonauts 
opened the Kvant-2 EVA hatch 
while there was still pressure in 
the airlock, causing the hatch to 
slam open. The inner compart- 
ment is now the backup airlock. 


Kvant-2 


U.S. Docking 
Module 


| 
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The Progress 
M34 freighter 
collided with 
the Spektr 
module on 
June 25, 1997, 
causing dam- 
age to the 
solar arrays 
and radiator. 


The International Space Station will 
dwarf Mir. The ISS will weigh about 
1.04 million pounds, while Mir 
weighs 480,680 pounds. 


written for the International Space 
Station. Mir, in fact, has been the U.S. 
training ground for the International 
Space Station project. 

By this month, seven U.S. astronauts 
will have logged 31 months aboard Mir, 
with 28 months of continuous occu- 
pancy dating from March 1996. By 
contrast, it took 12 years and 60 shuttle 
Hights for U.S. astronauts to achieve 
one accumulated year in space. Astro- 


44 naut Shannon Lucid set the record 


for women in space at 188 days while 
cosmonaut Valeri Polyakov holds the 
record for men at 679 days, 438 of 
which were consecutive. 

Mir, which translates from the 
Russian as "peace" or "small autono- 
mous community," is the laboratory 
in which the survival manual for the 
space station is being written. NASA, 
in fact, considers the Mir/shuttle 
program to be Phase 1 
in the development 
of the station. 

This month, 
the space shuttle 
Discovery makes 
the last flight 
to Mir. What 
lessons have re- 

searchers learned 
Нот Phase 1? 

The fire and the 
collision were the two most 
dramatic mishaps to occur on Mir. 
After the fire, software for the ISS was 
modified so that a single command 
can stop ventilation between modules, 
halting the spread of smoke. The Mir 
collision prompted the development 
of a new proximity sensor that more 
accurately measures distances. 

Not every lesson learned from Mir 
was the result of an emergency, and 
the mission has been far from a failure. 
Mir's core module was launched in 
February 1986, and Mir was expected 
to have a lifetime of only five years. 
Mir is now the oldest spacecraft in 
orbit, and its surface is covered with 
small dings from meteorites and space 
debris. Inside, the electronics have 
been periodically exposed to radiation, 


MAY 1998 EH 


and most systems are well beyond 
their planned operational lifetimes. 

Like a group of teenagers trying 
to keep an old jalopy on the road, the 
Mir crew has jerry-rigged solutions with 
materials at hand. For example, the 
coolant lines on Mir are built into the 
hull, making maintenance difficult. 
To fix a leak that was causing internal 
temperatures to rise uncomfortably, 
cosmonauts used an air/water separa- 
tor—designed to remove humid breath 
from a spacesuit—to get unwanted 
hot air out of the coolant lines. On 
the ISS, coolant lines will be located 
outside for easier maintenance. 

This improvisational ability on the 
part of the Russian cosmonauts has 
proven to be Mir's most important 
lesson. NASA now realizes that ISS 
crew members should be trained in 
wide-ranging generic skills rather than 
specific experiment-related tasks. Spe- 
cialized training isn't an effective way 
to handle the unexpected. Mir has also 
provided valuable experience in space- 
walking and the transfer of equipment 
and supplies between spacecraft— 
more than 10,000 pounds of hardware 
have been transferred from the space 
shuttles to Mir. 

Mir itself is now a proven concept 
that has influenced the design of the 
space station modules. Mir has seven 
separately launched modules that are 
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Damage to Mir's solar arrays reflects the 


impact of a Progress supply ship's collision d f 
with the station. Right, upbeat Mir com- oe : 


mader Vladimir N. Dezhurov welcomes 
aboard astronaut Robert L. Gibson. 


now permanently connected, and 
that same methodology— but on 
a much larger scale—is being used 
to build ISS. 

During its life, more than 200 
scientific experiments have been 
conducted on Mir, allowing tech- 
niques for working in microgravity 
to be refined for later use on the ISS. 
A first was an experiment in which 
seeds harvested from plants grown 
aboard Mir were germinated and 
produced new plants. 

But Mir has always been more 
about humanity than laboratory exer- 
cises. The main focus of researchers 
is the space station's crew and the 
effects of prolonged weightlessness 
on their bodies and minds. Thanks to 
the long stays on Mir, we learned that 
bone loss does not lessen over time 
as previously thought. Astronauts 
averaged a tenfold greater loss in the 
lower hips and spine per month than 
when on Earth. Countermeasures are 
under development. 

Mir has also fostered new levels of 
trust and cooperation among multi- 
national crews, particularly between 
Russians and Americans. On the ISS, 
the three-person crews will be alter- 


nately composed of two Americans 
and one Russian, followed by a Russ- 
ian majority. 

NASA paid Russia $400 million for 
boarding privileges on Mir. The final 
Discovery shuttle mission to Mir 
brings to an end a three-year, 10-flight 
program. By the project's conclusion, 
skeptics had become convinced of 
its value. “I have to admit that up 
front, I was not overenthusiastic about 
flying to Mir," says astronaut David 
Wolf. ^I was wrong. It was a brilliantly 
conceived program." 

Meanwhile, Mir was scheduled to 
make its 69,560th orbit around Earth 
on May 1, which equates to a total 
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trip of about 1.83 billion miles, or 
roughly the distance from Earth to 
Uranus. Russia is planning to con- 
tinue to use Mir but will have to rely 
on its unmanned Progress spacecraft 
for supplies. Russia says it would like 
to operate Mir until the first ISS crews 
arrive on the space station in 1999. 

The final tutorial will be Mir's re- 
entry into the atmosphere. NASA is 
volunteering the shuttles for the job, 
but Russia may decline the offer. The 
current plan calls for two Progress 
freighters to carry enough fuel for a 
controlled re-entry. One Progress craft 
would be used to reduce Mir's altitude 
while the other would nudge it over 
the Pacific Ocean. Pieces of Mir that 
didn't burn up in the atmosphere 
would fall harmlessly into the water. 
This task will be trickier than it sounds, 
and the Russians may find the job 
too expensive. If that's the case, Mir's 
final lesson in uncontrolled re-entry 
may be the hardest one. > 


The International Space Station has 


many ancestors—real and imagined. 


By Michael Carroll & Andrew Chaikin 


SKYLAB 


SKYLAB, THE first U.S. space station, 
almost failed before its mission began. 
Based on hardware from the Apollo 
moon program, the 99-ton Skylab 
consisted of an orbital workshop— 
constructed inside the third stage of 
a Saturn V booster—a docking adapter, 
an airlock, and a multispectral solar 
telescope. During its launch in May 
1973, 1ts micrometeorite shield was 
torn off, severing one of the station's 
solar-power "wings. The first accom- 
plishment of Skylab's initial three- 
man crew was a successful repair. 
During their 28 days on the 
10,000-cubic-foot Skylab, the crew 
conducted a variety of experiments, 
including medical tests to measure 
the effects of long-term weightless- 
ness. Two more teams of astronauts 
reached Skylab in 1973, logging stays 
of 56 and 84 days respectively. The 
station, after years of abandonment, 
met a fiery demise when it reentered 
the atmosphere in July 1979. 
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ISTORICALLY, TECHNOLOGY HAS 

been pushed by vision. Space explo- 

ration is no different. ‘The International 
Space Station may be the most ambitious space 
project in history, but it could not have been built 
without previous generations of visionaries who 
shared a common goal—to inhabit space. Some 
of their concepts never had a chance; others, like| 
Mir (profiled separately), flew successfullv. But 


all paved the wav for the ISS. Here's a sampling. 
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SALYUT 


IN APRIL 1971, the Soviet Union launched history's 
first space station, Salyut 1, and over the next 
15 years operated six subsequent versions in space. 
The 3,500-cubic-foot Salyut 1 consisted of a sin- 
gle module weighing 19 tons. A three-man crew 
arrived there in July and spent 23 days conducting 
scientific and medical experiments, operating an 
astronomical telescope, and taking multispectral 
) photographs of Earth. The mission ended in tragedy, 
however: After undocking from the station, the 
cosmonauts' Soyuz ferry developed a cabin leak. 
All three died. 

Salyut 3, which reached orbit in June 1974, 
marked another milestone: It was the first mili- 
tary space station. A pair of cosmonauts spent 
two weeks aboard the station that next month, 
photographing selected targets on Earth with a 
high-resolution camera. 

Cosmonauts aboard Salyut 6 and 7 pushed back 
the frontiers of long-duration spaceflight. Salyut 
к 6, launched in September 1977, hosted 16 teams 
of cosmonauts over more than four years. The 
longest mission was 185 days. Salyut 7 (right), 
reaching orbit in April 1982 and remaining for 
four years, featured an even longer stay— 237 
days. During these marathons, cosmonauts battled 
the physiological effects of long-term weightless- 
ness and such psychological strains as boredom 
and isolation. These missions paved the way for 
even longer stays aboard Mir and, soon, aboard 
the International Space Station. 


CAHAD LL 


CLAY OUTPOST 


THE IDEA OF A MANNED orbiting outpost in space 
dates back more than a century. In 1857, the 
Atlantic Monthly published Edward Everett Hale's 


“The Brick Moon,” the first known account of 


MICHAEL 


a space station concept. Hale's science fiction 
narrative outlined adventures aboard a naval 
navigation post high above Earth. The artifi- 
cial moon was constructed of clay brick and 
traveled by means of a colossal flywheel. The 
idea had its flaws—not the least of which was 
getting thousands of bricks into space—and 
became the first of many station concepts to 
never get beyond the mind of a visionary designer. 


- Popular ‘ s ! 
Sopular MAY 1998 
‚ 4 ' L 


THE NEW 
NEW WORLD 


IN THE 1970s, Princeton 
professor Gerard K. O'Neill 
proposed space colonies 
housed in gigantic wheels 
and cylinders, with land- 
scapes sprawling across 
the interiors held to the 
inside wall by the centri- 
fugal force of the rotating 
column. O'Neill saw these 
titanic colonies as more 
than stepping stones to 
the stars: He believed mass 
emigration to these orbit- 
ing continents would alle- 
viate overpopulation. 


WAY STATION 


IN 1923, GERMAN scientist Hermann Oberth wrote The 
Rocket Into Interplanetary Space, wherein he described 
orbiting platforms that served as springboards for flights 
to the moon and Mars. Oberth coined the term space 
station, and his book generated so much interest that 
the Society for Space Travel was formed. Опе member, 
Wernher von Braun, saw orbiting platforms as key to 
human exploration of the cosmos. He envisioned space 


"hangars" where astronauts would assemble huge inter- 
planetary vehicles. He also advocated a 200-foot-diam- 
eter spinning wheel that would create artificial gravity. 
Von Braun, who came to the United States in the mid- 
1940s to build rockets for the Army, became one of the 


most influential scientists in history. In fact, he sug- 
gested orbiting piloted space telescopes 40 years before 


Hubble and was a consulting editor to POPULAR SCIENCE. 


CITY IN THE SKY 


PERHAPS THE MOST elegant vision of a space à 
station can be found in Stanley Kubrick's 
1968 film of Arthur C. Clarke's 2001: A Space 
Odyssey. The movie showed a gracefully turn- 
ing wheel that contained hotels, spas, and 
restaurants. It was, in essence, a city in 

the sky, echoing and expanding upon earlier * 
designs. In addition, like other imagined 


space stations, Clarke's provided a jumping 
off point for regular flights to the moon. <> 
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How this radio delivers rich 
stereo sound is hard to explain. 


How can the Bose" Wave” radio produce sound 
so lifelike that it will *have your friends 
wondering where you've hidden your 
fancy speakers"? 

That's what Wired magazine said 
about the sound. The secret is our 
patented acoustic waveguide speaker 
technology. This sophisticated piece of 
audio engineering is difficult to explain. 
But it works like this: Much as a flute 
strengthens a breath of air to fill ar 
concert hall, the waveguide produc 
stereo sound from a radio that measures jus 


SmartMoney said, *I plugged it in and tuned it 
to a classical music station...suddenly my apartment 
was bristling with 
cellos, double 
basses, clarinets, 
and kettledrums....” In fact, many people use the 
Wave radio as their primary stereo system. It comes 
with a handy remote control. Six AM and six FM 
pre-set buttons. Dual alarms. You can even connect 
your CD or cassette player, TV, or VCR. 


Bose makes ordering easy. 


Since the Wave radio is available directly from Bose, 
we've made ordering easy. Convenient. And completely 
risk free. Just call us toll free at 1-800-818-BOSE, ext. 
R7684. We'll tell you more about the radio and our 
interest-free payment plan. The radio can be delivered 
right to your door in about a week, or even quicker 
via FedEx" delivery servicer” 

Then just tune in your favorite programs and enjoy 
rich, stereo sound. Hear music the way it was meant to 
be heard. Whether you listen 

to classical, rock, 
or something in 
between, you'll hear 


nuances come alive 


as never before. 


Our risk-free 
E guarantee. 

f Try out the Wave radio in 
| your home for 30 days. If 
you don't love it, call us. 


dini AY, е ПЕ ЕЕ Jae ave "n - ad 


How you order it is easy. 


e. We'll 
fally ind the $349 tine price TEE all your shipping 


d o i Е | t 
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charges. No questions asked. It’s a completely risk-free 
guarantee, 

from the most 
respected name 
in sound. And it means there’s no reason to delay 
ordering your Wave radio now. 


Call now and hear “a sonic marvel? 


Popular Science called the Wave radio “a sonic marvel” 
when they gave it their prestigious “Best of What’s 

New” award. Call Bose today. And learn how ordering 
the Wave radio is every bit as easy as enjoying its sound. 


Order before June 30, 1998, 


for free shipping. 


Call 1-800-818-BOSE, 
ext. R7684. 


O Yes, Га like to hear more about the Bose® Wave® radio. 


Please specify your color choice when ordering the Wave radio: 
[] Imperial White [J Graphite Gray 


Mr/Mrs./Ms. — — 
Name (Please Print) 


А 


ddress 


City State ~ Zip 


Daytime Telephone Evening Telephone 


Mail to: Bose Corporation, Dept. CDD-R7684, The Mountain, 
Framingham, MA 01701-9168, or fax to 1-800-862-BOSE (1-800-862-2673). 
Ask about FedEx” delivery service. 


©1998 Bose Corporation. Covered by patent rights issued and/or pending. Installment payment plan and free shipping offers not to be combined with any other offer. Installment payment plan available on credit card orders only. 
Price does not include applicable sales tax. Price and/or payment plan subject to change without notice. *FedEx delivery service is available at an additional charge. FedEx service marks used by permission. Wired, 6/94. SmartMomey, 2/86. 


One scientist's vision 
revolutionizes the hearing. & 
industry, benefiting millions | 


of people... 


Crystal Ear? uses sophisticated electronics to provide affordable, 
cosmetically-pleasing and easy-to-use hearing amplification. 


ne day a friend asked my 
wife Jill if I had a hearing 
aid. "He certainly does," 


replied Jill, "Me!" After hearing 
about a remarkable new product, 
Jill finally got up the nerve to 
ask me if I'd ever thought about 
getting a hearing aid. "No way," 
I said. "It would make me look 
20 years older and cost a fortune." 
"No, no,” she replied. "This is 
entirely different. It's not a hearing 
aid...it's Crystal Ear!" 


No one will know. Jill was right. 
Crystal Ear is different—not the 
bulky, old-styled body-worn or 
over-the-ear aid, but an advanced 
personal sound system so small 
it's like contacts for your ears. 
And Crystal Ear is super-sensitive 
and powerful, too. You will hear 
sounds your ears have been miss- 
ing for years. Crystal Ear will make 
speech louder, and the sound is 
pure and natural. 

I couldn't believe how tiny it is. It is 
smaller than the tip of my little finger and 
it's almost invisible when worn. There are 
no wires, no behind-the-ear devices. Put it in 
your ear and its ready-to-wear mold fits 
comfortably. Since it's not too loud or too 
tight, you may even forget that you're wearing 
it! Use it at work or at play. And if your hear- 
ing problem is worse in certain situations, use 
Crystal Ear only when you need it. 

А fraction of the price. Hearing loss is the 
world's number-one health problem, but in 


COMPARE CRYSTAL EAR AND SEE THE DIFFERENCE 


MOST 
IN-CANAL 
BRANDS 


Require fitting 
Require testing 
Battery life 

Impact resistance 
Whistling/feedback 
Telephone use 


160 hours 
Average 
Frequent 
Yes 
$1,000-2,000 


Retail price 


‘TECHNICAL SPEGIFIGATINNS 
joie sim 


CRYSTAL 
EAR 


Yes No 

Yes No 

320 hours 
Excellent 
Limited 
Excellent 
$299.85 


Innovative, 
breakthrough 
technology 
solves common 
problem... 
Hearing loss, which 
typically begins 
prior to teenage 
years, progresses 

| throughout one s 
lifetime. Nearly 90 
percent of people 
suffering the type 
of loss Crystal Ear 
was designed for 
choose to leave the 
problem untreated. 
Crystal Ear is now 

| available to help 

| these people treat 
their hearing loss 
with a small and 
very affordable 
Class | in-the-canal 
hearing amplifier. 


| RESPONSE: 
| Hz to 
| 6142 Hz 


| - 
|| HARMONIC 
|| DISTORTION: 


jj 03% at 1600 Hz 


A, AMPLIFICATION: 
| Superior 


most cases it goes completely untreated. For 
many millions of people, hearing devices are 
way too expensive, and the retail middlemen 


want to keep it that way. What's more, treating | 
hearing loss the old retail way can involve | 


numerous office visits, expensive testing and 
adjustments to fit your ear. Thanks to Crystal 
Ear, the "sound solution" is now affordable 
and convenient. Almost 90% of people with 
mild hearing loss, and millions more with just 
a little hearing dropoff, can be dramatically 
helped with Crystal Ear. Plus, its superior 
design is energy-efficient, so batter- 
ies can last months, not just weeks. 


You'll feel years younger! Wear 
Crystal Ear indoors, outdoors, at 
home and at work. Crystal Ear 
arrives ready to use, complete with 
batteries, two different fitting 
sleeves, a cleaning brush and even a 
carrying case. Crystal Ear is a break- 
through advance in the hearing 
device field. It is made in the USA, 
using state-of-the-art micro-manu- 
facturing techniques that cut costs 
dramatically—savings that we can 


linis: 


pass on to you. The conventional companies, 
domestic and foreign, don't like that! 

Don't be fooled by high prices. No hear- 
ing device, no matter how expensive, can 
eliminate background noise, despite claims 
by the manufacturers. Crystal Ear does not 
promise miracles—just an affordable, sound 
solution to many common hearing problems. 


DON'T TAKE OUR 


| WORD FOR IT... 


"My father spent 
over $5000 on anoth- 
er brand. 1 showed 
him my Crystal Ear, 
he tried it, and he 
decided it worked 
better than his 
brand, even though 
it was a small 
fraction of the cost!" 


—A satisfied Crystal Ear user 


"Over 32 million Americans experience 
some loss of hearing. Though most cases go 


| untreated, over 90 percent of these people 


would be disappointed to learn from their 

doctor that there is no medical or surgical 

cure. There is, however, an effective treat- 
| ment: electronic amplification." 


—Dr. Dale Massad, MD 


Risk-free. Try Crystal Ear and hear what 
you've been missing. It comes with a 90-day 
manufacturer's limited warranty as well as 
our risk-free home trial. If you're not satisfied, 
return it within 30 days for a full refund. 
Crystal Ear?: 

Three credit-card payments of $99.95 $12 S&H 
If not purchasing a pair, please specify right or left ear. 
Please mention promotional code 3461-12936 


For fastest service, call toll-free 24 hours a day 


800-992-2966 


_ g suos Visa | 


2820 Waterford Lake Dr., Suite 102 
Midlothian, i oo 23113 
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ASK POPULAR SCIENCE | 
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Is the old saying that no two 
snowflakes are alike really true? 
Russ Lockwood 
Stockton, New Jersey 


MOST SCIENTISTS would be more 
comfortable with a statement that 
no two snowflakes are identical. For 
example, Charles Knight, a senior 
scientist at the National Center for 
Atmospheric Research in Boulder, 
Colorado, points out that in bitterly 
cold regions, where there is less wa- 
ter in the air, the snow crystals from 
which snowflakes are formed tend 
to be smaller and simpler, and con- 
sequently more alike. 

While engaged in climatological 
research in 1986, Charles Knight's 
now-retired wife Nancy discovered 
two snowflakes that were "if not 
identical, certainly very much alike." 
The flakes were recorded on a glass 
plate on the outside of an airplane 
passing through high cirrus clouds. 

Yet snowflakes do exhibit enor- 
mous variety. Researchers Сһојі 
Magono and C.W. Lee have listed 
80 different classes, though Nancy 
Knight cites about 10 primary types. 

Why so many varieties? The an- 
swer is found at the place where 
snowflakes are born—in clouds that 
are saturated with water and are 
cold enough to cause freezing. 
This site is a dynamic, turbulent 
place where billions of water mole- 
cules coalesce around particles in 
the clouds to form snow crystals. 

These crystals bump against each 
other, sometimes joining, and be- 
come heavy enough to plummet 


lar 
Hu MAY 1998 


MATT ZANG 


EDITED BY CECILIA WESSNER 


Research by Bob Sillery 


tions, the possibilities for snowflake 
variation are almost endless. 

Yet even the flakes that do look 
indistinguishable have differences 
at the molecular level. A snow crys- 
tal can contain a billion billion, or 
a quintillion, water molecules. 


toward the ground. They are buf- | 
feted, twisted, fluttered, spun, and ! 
thus changed by winds, and further | 
modified by encountering different | 
temperatures in their descent. Tem- ا‎ 
perature, humidity, fall rate, and ori- | 
entation are key variables in snow- | 
flake formation. Under such condi- | 


HOW IT WORKS 


Zero-Pressure Tires | 


Ultra-tensile steel- 


WITH ZERO-PRESSURE repla- 
reinforced sidewalls 


cement tires now available 
for many car models, 
you may never have to 
change a tire by the 
roadside again. Here's 
how these so-called 
run-flat tires, like the 
Goodyear Eagle Aquasteel 
(shown), keep your vehicle 
rolling after a puncture. 
—Suzanne Kantra Kirschner pes SON 


©) The centrifugal force generated by a tire 
moving at more than 5 mph closes the circuit 
between the tire-pressure monitor and its battery. 


Ө When a tire loses 5 pounds 
per square inch (psi) of pressure, 
the driver receives a visual alert. 
At 10 psi a buzzer sounds. 


О At zero pressure, the car begins 
riding on the tire's reinforced side- 
walls, preventing wear-through for 
50 miles at 55 mph. 


| Standardi | 
tire Н | 


Ia | 
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In-car display module 


Run-flat f 
tire В 
Reinforced | 
sidewalls | 


Ө Sensors send tire-pressure and 
temperature readings via radio fre- 
quency to an in-car display. Pressure 
readings are taken each minute for | | 
4 minutes, and then a temperature | 
reading is taken. The cycle repeats 
at speeds above 5 mph. 
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Кат TN System 


• STOP EROSION - Rainhandler's patented 
louvers slice roof water into droplets and 
spread them away from your home. 


e STOP CLEANING - Never climb a ladder 
again to unclog or clean a gutter. 


e STOP WATER & ICE DAMAGE - No clogs to | 
cause water rot or ice dams that can ruin 
your investment! 


Used by homeowners nationwide for more than 
20 years, Rainhandler comes in white, brown or | 
natural aluminum and is almost invisible on 


your home. GET ALL THE FACTS! 


* [nstalls in about 3 hours with screwdriver Send coupon or call 800-942-3004, or 

* No gutters or downspouts to clog or freeze Fax 800-606-2028 or http://rainhandler.com 

e At work on thousands of homes nationwide gem mm шин zm uum пыш zum шыш mm =m =m mm 
* Backed by a generous 25-year warranty [i INHAN DLÉ 2 
and 90-day guarantee. | ` from SAVETIME СОВР. › 


{ Dept. PS058 
2710 North Avenue, Bridgeport, СТ 06604 


| i Please send Free Information Kit 
Е р Маше 
j j Address 
City — 1 Slate 
| Phone (—— . } 


Dispersion Area 
2 to 3 Feet Wide 


Water from roof flows down to Rainhandier, and is sliced into 
small drops which sprinkle an area 2 to 3 leet wide. 
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Matching Pillows =- Mattress & pillows also sold separately Visca-alastic memory cells conform In your body far 
ae near weightless sleep. Ventilating channels dissipate 
Р heat fo provide perspiration-free comfort. 


Pressure Relieving iz 


Semi-Flex кч : | 1 = ` 
Foundation —_ M | "Low Gravity "effect ЗР orts deep sleep Custom sizes 
= —reduces tossing and turning by 83% sacle 16 arta 


made fo order 


Precision-Tuned 
Steal Frame ~ 


Lowest direct-import prices 
Shipped duty-free from U.S. stock 
Free selup and removal of о/а bedding 


Light years ahead of 
conventional maliresses 


Pressure-Relieving Comfort Layer 


On TV...in magazines...newspapers health and "e 
medical publications, Our new pressure-relieving Wood Bas 


empur-Pedic Material 


Vur-Pexda 


^ 
Bonded Substrate 


mattresses, pillows, and integrated sleep systems cdi | йр Stee! Understructure = 
have been getting tremendous attention in the press. comares ا‎ Ў Heavy-Duty Side Ralls aw: - 
Now DATELINE NBC has just devoted several minutes of | 07 ja ; 


precious airtime to telling all of America about our revolutionary 
Tempur-Pedic Bed. It's the LIFE-CHANGING SWEDISH SLEEP 


SYSTEM that is the most amazing sleep-science breakthrough ever...a TEMPUR: PE DIC 


boon to insomniacs and back-pain sufferers! SWEDISH MATTRESS AND PILLOW 

Our Pressure-Relieving Sleep System eliminates painful “pressure For a FREE SAMPLE of the Tempur-Pedic material, 
points" that rob us of healthful, life-restoring sleep and eases aches free video, information and direct import prices 
and pains. Try the mattress in your home for three full months. If you C il 

are not completely satisfied for any reason we will buy it баск. Get all A 


the facts including a free sample of the Tempur-Pedic material by | 800 886 6466 
r 800-886-6466. JU" "U | 


"n Oct ro ш} Рег, In маз. featured on Dateline МЕС as а Dateline Discovery Send Fax to 606-259-9843 
giv: foes " wt d endorse any specific services or products featured on its program Misit us on the internet at www.tem ui pedic com 
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HOW ТО CONTACT US 
Address: 2 Park Ave., New York, NY 10016 
Fax: 212-481-8062 


ARTICLE INQUIRIES 

We have listed the city and state for 
companies mentioned in our articles. 
For further assistance: 

E-mail: reader@ popsci.com 
www.popsci.com/context/resources 
Fax: 212-481-8062 


SUBSCRIPTION INQUIRIES 

For subscription. or delivery problems, 
or change of address, please contact: 
Popular Science 

P.0. Box 51286, Boulder, CO 80322 
Phone: 800-289-9399 

Web: www.popsci.com/subscribe 


POPULAR SCIENCE ONLINE 
Visit our World Wide Web site at 
www.popsci.com 

Or check us out on AOL at 
дып popsa 


LOCKSMITHING | 
Make Up To $45 Per Hour! | 
Put Yourself In Charge 
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0f Your Own 
Money-Making Business 
Learn profitable skills at home 
at your own pace.There's no 
TT better time, no easier way to | 
=H start your money-making full 
ВУ 1] or part-time business. No ob- 
mJ ligation or cost involved. | 
| Get Your "FREE" 
` „ишу! Мы нер 


Or complete this coupon and тай to: 
Faley-Belsaw Institute 
6301 Equitable Road, 
Kansas City, MO 64120-1395 
check one FREE ASE kit only 
4 Locksmithing - 13099 
о Small Engine Service and Repair - 52971 
J Professional Saw and Tool Sharpening - 21906 
J VCR/DVD Service & Repair - 62794 
Ч Computer Repair, Maintenance, Upgrade - 64696 
ы TV/Satellite Dish Service and Repair - 31565 
J Professional Gunsmithing - 92602 
Q Woodworking - 43838 А 
A Upholstery - 81509 
Û Vinyl Repair - 71422 
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J Personal Computer Specialist -38340 
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Benchtop machine shop 


* Make your own parts and repairs 
* Easy to use, free training 
* Work metal, wood, or plastic 
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«EE Dept Ps, PO Вх. 
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80 page catalog 
of the best elec- 
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He's making a 
concrete flower pot... 


- | No Money Down. and so can YOU! 
TAN "t HOME! As Low As $130/month. ornamental concrete items. 
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Put the weather 
on your wall 


The Weather Picture™ is an eye-popping new 
wall unit that continuously displays all the vital 
weather data you have selected, without having 
to press a single button. Big red numerals are easy 
to read from across the room, day or night. Avail- 
able in two sizes, in brushed aluminum or elegant 
solid teak frame. The separate control unit pro- 
vides detailed data--more than enough to satisfy 
even the most dedicated weather buff. 

Purchase the Weather Picture together with the in- 
comparable U LTIMETER® Weather Station, start- 
ing at under $400. Or add it to your existing 
ULTIMETER System for less than $150. It's easy 
to add programmable display modules to The 
Weather Picture now or later as needed, 

For complete details, call, fax, or write us. Or visit 
our Web Site to see and try our ULTIMETER Sys- 
tems. "The best!" says WeatherWatch magazine. 
1-800-USA -PEET 
ог 732-531-4615 FAX: 732-517-0669 
www.peetbros.com 


oPEET BROS COMPANY 
1308-805P Doris Ave., Ocean, NJ 07712 


° Swing and Slide « aa low е ины forthe 

Do-It-Yourselfer and the PROfessional installer. 
* Battery maintained by transformer (included) or solar panel ina 
* Easy installation on all types of gates: residential, farm and light industrial 


. GIOIPRO 


E-Z GATE OPENER AUTOMATIC GATE OPENERS 


For information on our do-it-yourself and professional lines of operators call ... 
1-800- -543-GATE(4283) or check out our web site at WWW. gtoinc.com 


[trimming after riding mowers on larger 


saw your own lumber 


a With a Wood-Mizer! : 
r. 1 [715 Personal Sawmill 
| * Cut logs up to 28" D. x9'L 


* Extra bed sections permit 
longer lengths. 


* Easily 
transportable. - 


"Ta RT LS TER MEG 
v i Ех PEE 
ay ae Pi 174: 4 | = " 


Сонет wp сбита 
koadeg ramen. л 
£4 
Wood-Mizer- - 
8180 West 10th Street Dept. EBE 


Indianapolis, IN 46214-2400 
Www wocdodmizer.com 


* Wish purchase of AN Products Vileo @ 510 


МОЙУТ Ee ea а 
ата ats. ADR sa В ical Na x E ты 


1-800-553-0219 . 
SINGER TREMOVE f 


Unlimited, Low Cost, Instantly Available 
Background Music from Origi 
Recordings! Does Everything Karaoke 
does... Better i ves you the | 
өш iminator™ 


Lithonia, GA 30058 é -— #: : 
24 Hour Demo/Info Request fine 70)482-248 6( 
When You Want Something Better Than Karaoke. 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


E.  "— 


Rolls light as a feather on two BIG WHEELS! 
* TRIMS far easier, better, more precisely than 
hand-held trimmers. Plus, MOWS everything 
from whole lawns (even wet!) to tough waist- 


Ф 
high grass апа weeds with ease! 

|» Rocks, roots, stumps, etc., do it no harm i 
because the “DR®” has no steel blade to bend 

or dull. 

|e Perfect for ALL mowing and trimming 

around smaller properties, vacation homes, => 


etc., and for finish-up mowing and 


|parcels. A delight for anyone to use! Br 4 
mm р So, WAY MADE | 


HARD 


4Y HASSLE 
| y “ with hand-held 


trimmers or with IDR" 1 including prices and speci- 
сокак for Manual and Electric-Starting Models and 


FREE SHIPPING thru June 3"! 


YES Pl Please muali FEKE DETAILS of the Revolutionary 


small-wheels “ОШ- Season Savings now in effect. 
" mowers? 
M (OO = 
Please cal call or mail coupon ,,,,... a 


at right TODAY for FREE I 2 


DETAILS of e Бездину Г [s COUNTRY HOME PRODUCTS", Dept. 3660T - 
)R"' Meigs Road, P.O. Box 25, Vergennes, VT 05491 


^, 3 
| BE "I “ERLT г Д", | 
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)uvis's Best Deal Ever! 
COMPLETE 


WEATHER STATION 


PROFESSIONAL QUALITY А EASY TO USE 


tq complete weather station for only $4951 
You sme $ 1001 
Features Inside and Outside Temperature, Wind 
Speed ond Direction, Borometric Pressure ond 
Trend, Wind Chil, Dew Point, Daily and Yearly 
Rainfall, Inside and Outside Humidity, Time ond 
Date, Highs ond Lows (w Time- & Date), Morms 


ho order, coti 


1-800-678-3669 >: 


One-year warranty ® 30-day money- -hack guarantee 
SEH: Add S10 for US destinotions; $15 for Conadion destinations, Coll for expedited shipping 


Davis Instruments 


3465 Diablo Avenue, Hayward, CA 94545- 2778 * www.davisnet.com 


Make ‘25 to ‘100 per hour 
with Badge AMinit 


| Yes, it's really possible by making and 
selling bright, colorful Badge-A-Minit 
routtons. Buttons are proven money- 
= at fairs, flea markets, con- 


ntions, or anywhere people 
congregate. They're fast and easy 
to make with Badge-A-Minit and 
inexpensive! 


Call fora FREE full color ее “а 
catalog or order a ae nm" 
Starter Kit for only $29.95 د‎ ur de: 
plus $4.50 shipping. SNL | 
IL residents add $1.87 tax). 


Badge-A-Minit, Dept.P 5598, P.O. Box 800, LaSalle, IL 61301 


CALL 1-800-223-4103 


61 Ways to Help You 
Qualify for the Job You Want 


Free Facts about Career 


amas and orien 


field that interests you most and 
[how tc to train for it. 


pim -800-595- 5505 ext. 2186 


FREE CALL ANYTIME—24 hours a day, 7 days a week 
ОВ MAIL COUPON TODAY! ATOZV 


| International Correspondence Schools 
sce 1890] Dept. APCS58S, 925 Oak Street, Scranton, РА 18515 


Send free facts on how | can study at home for the career | 
| have chosen. No obligation. CHECK ONE BOX ONLY. ] 
ASSOCIATE IN SPECIALIZED ASSOCIATE IN SPECIALIZED | 
BUSINESS DEGREE PROGRAMS TECHNOLOGY DEGREE PROGRAMS 
| С] 60 Business Management Us Civil Engineering Technology i 
O 61 Account 62 Mechanical Engi 
Г] 81 Bus Mgnt —Finance Option Û 65 Electri echnology [ 
L1 80 j С] 67 Electranics Technology 
CAREER ИРМА Р PROGRAMS - ] 
CO 07 High School Pet Groomer 
E 14 At Condiüonng & Retiertion 58 Freaanos Wie | 
| | г 
+ 22 WikdlifeForestry Conservation Û 12 Interior Decorator | 
Г] 06 Electrician Г] 55 Diesel Mechanics 
[I 70 Small Business Management — [ 26 Teacher Aide | 
Г1 25 Gunsmith 7 39 mor Transcriptionist | 
O 96 Tax Preparer 1 84 Pharmacy Technician | 
[1 03 Child Day Care Management C 15 Home Inspector 
O 23 Medical Assistant [] 31 Locksmith | 
Г] 24 Dental Assistant [] 72 дылары Repair | 
O 19 Bartender 1158 Private | | 
Ы E. РИЯ Repai Ы Wt Smal nore бера | 
; | if [] iona эсарег 
E 05 Hotel Restaurant Management C] 149 Jewelry Repair Technician | 
Г] 85 m. O 83 Internet Web Page Designer 
Г] 54 Autot. LJ] 151 Plumber i 
УЕ] 38 Personal Computer Specialist Û 152 n 
LJ 27 PC Repair С] 158 Auto Body Repair Technician | 
[Г] 44 А+ Cert. Test Prep.» Г] 148 Drywall Installer & Finisher l 
O 48 “Assisted O 105 Cope Graphic Artist i 
С] 94 Fitness & Nutrition L] 104 Carpente 
С] 87 ТИМОК Repair LI 145 Home Remodeling & Repair | 
CI 08 Legal Assistant Computer Programming 
O 40 Photography L101 Programming in BASIC | 
Г] 47 Animal Care Specialist O 37 Visual Basic 
O 69 COBOL* | 
“Certificate programs. С] 82 Java 
Мате == Age | 
Е А | 
City/State Zip i 
Phone ( ) 


leaves NO 


to trip over 
ior to pick up 


brushcutters and 
[sicklebar mowers. 
* POWERFUL up to 14 HP; overhead 
valve engines, with or without Electric-Starting. 1 
POWER REVERSE; 4-SPEEDS. BIG SELF- 
PROPELLED WHEELS roll through ditches, — !models, and "Off-Season" Savings now in effect. “ 


Presenting the NEW ALL-TERRAIN" 


-- the amazing self-propelled, 
walk-behind brush cutter that -- 


* CLEARS & MAINTAINS meadows, 
pastures, roadsides, fences, wooded and 
rough non-lawn areas with ease. Mows 
over 1/2 acre per hour! 


* CUTS tall grass, weeds, brush, 
brambles, sumac - even tough 
saplings up to 1" thick! 


* Plus CHOPS/MULCHES 
most everything it cuts; 


TANG LE 


like hand-held 


| 

with ease! 

wet spots, up slopes with ease! | | Name d 
* Perfect for low-maintenance wildflower | PSC ш: 
| ги | ЕЕ _б 
meadows...European-style woodlots free of 5 
undergrowth...walking paths...any area that icity State ЯР GS 


you only want to mow once a month...or 
once a season! 


OVER JH 


WHY 
MESS with 
hand-held 
brushcutters 
| that are so dan- 
| gerous, slow and 
tiring to use...OR 
with sicklebar 
mowers that 
shake unmer- 
cifully and 
leave such a 
tangled mess? 


“Тас 
EA 


693-206 
PLEASE MAIL 
COUPON for FREE 
DEP араш the 


P Th 


E ty в. ГЕ Н D 


YES! Please. rush “gla FREE DETAILS af Dm. 
ЮК? FI H MOWER includin по 
specifications Ў Manual and ELECTRIC- ST. 


TO: COUNTRY HOME PRODUCTS” De t t. 3660F | 
! Meigs Road, РО. Box 25, Vergennes, 05491 1 
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Now is the time for a Timberline Geodesic Dome. Combining vaulted ceilings with natural light, energy savings 
of up to 40% and an affordable building system, Timberline Domes are perfect for any location. 
Ош many designs provide an open, spacious feeling with traditional style. With floor plans ranging from 
1.000 to over 4,000 square feet, vou're sure to find one to fit vour lifestyle. - 


experience. In fact, over 90% of our customers assemble the dome themselves. Our patented 


- of А Timberline Dome can easily be assembled by two people without previous construction 


Heavy-Duty Connector system and pre-cut, color coded lumber make building a breeze. 


-Š With all these advantages, 

isn't it time you discovered the 

great indoors? Our planning 

package includes color photos, floor 

plans, assembly instructions, pricing and 

technical information. Call or send for our 
full color planning package today. 


1-800-Dome Home 
or Visit их on the internet at: 
GEODESICSs 


LI ie, 


‚ Ms 
$ > “Please Send Me The Following Information, 
C Planning Package and Video Together: $22.00 O Planning Package: $12.00 C Video: $19.00 


O Check O Visa O ME O Discover Credit Салі №: 


Мате 


Address 


AR = Aa = = = SSF ee eS = ш 


City State — Ih 
Timberline Geodesics « 2015 Blake Street * Berkeley. СА 94704 • (800) 366-3466 • (510) из 


MOPULAR HCIENCE [IIRECT. 


_ To advertise in Popular Science Direct call Liz Irving or Vincent White at 1-800-445-2714 today. ` 


s. DES CRAMBLERS 


CABLE TV 


Save $100 s 
CONVERTERS & 


*A|l| makes and models 
* Years of customers 
complete satisfaction 
"Quality Equipment 
Shipped within 24 hrs 
*Free catalog 


ТКА 
ELECTRONICS 


13217 C7 SL Omaha, ME 68144 


| www.tkaelectronics.com 3h 

: Friendy Service. D * GARAGES Qo, 

30 Day trial period. WORKSHOPS A^ 
13 Month Warranty. ; 


FOR А FREE CATALOG OR TO PLACE YOUR ORDER CALL: 


Order Now for Saring or 
Summer Delivery and 
SAVE UP TO 45% 


34x48 -Value $13,800 
Now ONLY $7, O59 


Some Other Sizes Available 


Pckg. incl. frames, galv. sheeting, hardware & 
trim, assembly plans & toll free tech ee 


а. 728059 
1 -800-663-0553 


пеуатато High-Tech Careers: 
ForeFront offers the fastest and easiest way to 


prepare you for a career in the ever expanding 
Information Technology (IT) industry. 


gv 


* Boost Your Income 
* Gain Valuable Skills and Competence 
* Get Your IT Credentials 

* Study at Your Own Pace 
A+ Self-Study Course" Get all the information you need to get 
а А+ Certified and excel in today's PC Repair Marketplace. 
" СМЕ Self-Study Course" Fast, effective and convenient training 
« for anyone whishing to become а Certified Novell Engineer. 
MCsEES-^ MCSE Self-Study Course" Proven study format ensures that 
aae ус! be fully prepared to pass all 6 MCSE exams. 


Сап for FREE Course en dd : FOREFRONT 


re ШШ (813) 724-8994 » FAX (813) 726-6922 2540005 Hwy. 19 N., #285 
Copyright ©1998 | ForeFront Direct, Inc. All Ml Rights Reserved. _ Clearwater, FL 33763 PSM 


eons БЖД 


P a 


CABLE TV DESCRAMBLERS 
Best Prices * Friendly Service 
وا ا ی‎ Dealer % Special 

COPY RENTAL TAPES WITH OUR 
VIDEO STABILIZERS 


SAVE $100'S - : 
EVEN $1000'S on premium 
CABLE TV EQUIPMENT. 
FREE ias TV I 


Minimum Ouanitiey: 10 Lot 
30 Day Free Trial * 1 Yr. Wrnty. 
All Makes and Models Available 


Call toll free for current wholesale pricing! 


| 
Jl 
| 
800-442-2330 - | 


110 


MC | | 
` MEGA ELECTRONICS, | 


CABLE TV CONVERTERS 
L&L ELECTRONICS INC. 
936 Betty Drive, Buffalo Grove, IL 60089 
1-800-542-9425 


Purchaser must agree to comply with any State and Federal laws 
regarding private ownership of cable TV equipment. 


DESCRAMBLERS / 
CONVERTERS © 


VIDEO CLARIFIER 


Guaranteed to remove all copy protection 


cK Ci ilen Stairs | | 


Spiik, Straight, and 
curved Stairs 
ALL Sizes & Styles 
Steel, Wood, Aluminum g 
Custom & Stock Kits 


Free Brochures & 
Factory Assistance 


1-900-431-2155 ext. PS58 „а 
http:/www.mylen.com “zw 
ISAWMILL $3795. 
| FREE INFO, 

Norwood Inc. 

90 Curtwrigbt Dr. 

Unit 3 
S Amberst, NY 14221 


711-800-661-7746 
Ext. 101 — 


| Pen. MP ai 

zz a. Simdi to 4-1 eher 

| Farmer $1000 A acabe Ink Car delivery 

| Day + Check or money order payable tà 
ner dae 

[em www.personalpen.com "egonal Fen 

Olympia Fields, IL 60461 


"The world's most — and practical рен” 


enfatced conce 

that c energy et 

йаа restant. Use 

WITS, ЗАО, churches = 
omges, STROIUNTIS, SEDTSQES, | T "Ew 

cabins end more Bat. | ОЧ can build a Monolithic’ Dome, toa 
throughout the U.S : 

erro ИСИ Call for FREE brochure OF „с nnn 
А р Мол ilitt send $19.95 [$5 sh] lor р. x 4 79р: 
| Bo КЕТА Л ВО minute info videa. iv. T SES 
| mg available today чүгү. ГАСНИТЕ E 


| CAD Build ItYourself 
DI GER Backhoe • Free <, 
| G Brochure = 
| Plans for models 5-9 Я digging depth Д \ 
Starting at $1000 to build #7 
№ machining Car Towable № ber 2 
3-pt hitch parako 
Kits available 


ALTERNATE ENERGY 


SAVERS 


BUILD SUN, WIND, WATER POWERED AP- 
PLIANCES! 30 Plans. Details. $3.00. MCOAA, 
3203 Bordero, 1000 Oaks, CA 91362 


*WHOLESALE DEALER PROGRAM 
*FREE CABLE SURVIVAL KIT 

"АЦ. MAJOR BRANDS 

‘FULL TECH SUPPORT дь 


FREE ENERGY! Fuel-Less Motors and Gener- 
ators! H&A, R2EPS Bowling Green, MO 
63334-9350. 


LOWEST 
PRICES! | 
FACTOR Y | 
DIRECT! | 


NEW FREE ENERGY! Fuel-Less 350hp En- 
gines. Creative Sciences Box 557 New Albany, 
IN 47150 


Space Blanket Solar Cooking  Ultra- 
lightweight. Bake at 300 degrees. Instructions 
E. $3. Suntoys, P.O.B. 6225, Renton, WA 98055 

WEMBER OF THE BETTER Business BUREAU —— 
TANKLESS WATER HEATER 60% ENERGY 
SAVINGS (10"x7"x2 2/3") TDRC, 13513 SW 101 


' ө | M и Г, АНҮ ADVERTISED IE LANE, MIAMI FL 33186 
CUT. — EET ета 
| Buys | Uu eA SAVE $5$ - DONT. RENT “A YUKON/EAGLE MULTIFUEL FURNACE. 
) OU) Ja hf | NI CALL FOR FREE CATALOG! 


Service Wood/oil, wood/gas, 


| wood/electric 
Warranty 4 : p, | RISK FREE — whole house 

5: M = | dm | ETE indoor warm air furnace. 
EUMD 20 Day free 30 DAY MONEY BACK T 
CABLE BOXES | GUARANTEE 


Eagle Furnace 


1000 Ag Science Drive 
Palisade, MN 56468 
* VIDEO STABILIZERS - Removes video 1 y protect ! | -B00- 
| ату тутта TYR. PARTS & LABOR 0 
with cable box purchase [REG $9 95] Cal | АА Electronics To day! 


HONEST PRICES 
NEWEST DIGITAL EQUIPMENT 


Anyone implying theft of service will ba denied assistance ARTS / MUSIC / POETRY 


N.S. INTERNATIONAL 800-25 8-95 | 2 PIANO PLAYING & SONG WRITING in 3 


е 
| COD or CREDIT CARD y Р $7 . | lessons. New Unique Method. 1-800-690-2403 
oco x Фат - 11pm (EST) 1-800-449-9189 http:// www.AAElectronics.com Email- islanddrma@ aol. com 


AUDIO/VIDEO EQUIPMENT 


ка | | | LOUDSPEAKER REPAIR? Call Simply 
=. Speakers, 1-888-FOAMROT for free info. (Toll 
| free- 24 hours.) 


: No Flarida 5 ales 


QQEUTUR 


кзг 


Call for a inns 217 4 hove ad Bevond 
j Fear Expectetions! 


[REPAIR FOAM ROT | 
YOURSELF! |; 


* Save $$$ wioriginal kit! l 

* Kits to fit any speaker—Advent, AR, E 
JBL, Bose, Infin., EV, etc. 

* Surrounds, adhesive & instr. 

a MC/ VISA/Discover—no CODs 

* Call w/make & model for best price 


жек: re 800-747-3692 STEPP 


Box 1088 • Flai Rock, NC 28731 AUDIO TECHNOLOGIES 


Catalog 
Phe Cimier for a Varker 


Mania къу и Cos o 
ire Lane n Adr ed Мейс сте 


PACTORY - DIRECT WHOLESALE PRICES The World's ELIT ' 


Fuck A veut 


1-800-668-5111 ext. 1508 |||nevoruriowzecce cop. Ly, || |* America's #1 Arch-ype Manufacturer 


z | Tat. бате) 17-3400 рах (OTS) ТК Ode = (00) вт mE WC > 20 Year Warranty * Easy Financing Available = 
id DE Eu mus SEL eee | |= Easy Do-It-Yourself Construction 


т * Free 16 Ро e Brochure 
E | | Cable ТУ 8 
DESCRAMBLERS | 
NW... № Descramblers f |... ЭТЕЕ-тазтея.. 


VIDEO STABILIZERS | srt call Converters * Filters * Accessories 


ТИ] oyra Arrow gam а EG Call Today ] 200 888-4606 
| 44 he acres B Technologies А Unbeotable wholesale prices! Catalog = — AMSOIL Synthetic Lubricants and Filtration 

REE | Affordable extended warrant 1 ea М б Buy Direct. Free Catalog. 
Lee = Ш 888- 554-2776 | is s T _ 7 ! А ТУ 804-530-1400. email luberdj@ erols.com 
- : ( ‘all the m professionals: z CRAZY DAN 5 | 
gm Credit Cards Welcome! | ' 

| 40 x 60 x 12 1-800-379-3976 PRICE WAR 

S ro 5 2 3 WEB SITE ADDRESS: НТТР: / OBION-ELECTROHICS.COM Cable Boxes 


AUTO SUPPLIES & 
EQUIPMENT 


Н : | | Prices starting Dyin i رة وة‎ 
^ iid t Yourself And Se !! 10,000 Sizes, All ВОТ All Stee! Ёз rices so low you won't believe it | | 
7 Steel TI т For A Price Quote And A Brochure ал 2225 * as low as $99! NOBODY BEATS DAN THE CABLEMAN! Ш Photo Radar Defeater $99 
HERITAGE BUILDING SYSTEMS] | | 1-888-429-4369 «o Laser Defeater $129 


800-643-5555 


www.metalbidg.com 


2 SEAT BIKE 


Drives Like a Car! 


ALARM SYSTEMS 


SAVE Dealers 
$100s Welcome | 


WIRELESS DRIVEWAY ALARM 
А bell rings in your 
house anytime some- 
one walks or drives 
into your place. 

- Free Literature - 


DAKOTA ALERT, INC. 


AUTOMOBILES 


CARS FOR $100! Trucks, boats, 4-wheelers, 
motorhomes, furniture, electronics, computers, 
etc by FBI, IRS, DEA. Available your area now. 
Call 1-800-513-4343 Ext. 5-20025 


= 


е will beat any advertisers price 


Tri CiTy VIDEO Ne Fl Sates 


1,2& 4 Sealer ^. 


Free Literature | ы ostrea mue m sia ia a зае нее tad Вох 130, ELK POINT, SD 57025 SEIZED CARS from $175. Porsches, Cadillacs, 
HORDES CAR ^ uw rhoadesinfo.com 605- 356- 277 2 Chevys, BMW's, Corvettes. Also Jeeps, 4WD's. 


и Iu — S | Your Area. Tol Free 1-800-218-9000 Ext. 

Ad p ШР jJ Us, Sie, Б ri 2 | WIRELESS DRIVEWAY A-6586 for current listings. 
ERROLD PANASONIC SA'S ETC 25 — ANY SIZE — МШШ | | ALERT SEIZED CARS $150. Honda, Acura, BMW, 
| CABLE TV CONVERT ERS PLL I зба Е р | Electronic tone alerts you whenever Porsche, Jaguar, Motorcycles, Trucks, 4x4's, 
— Shipped in a С ШЕ B someone drives or enter your property.| | Watercraft. Local sales. 1-800-883-0819, ext 


cial Dealer Prices! vers our Low * FREE LITERATURE * | А-1350 


Retai Prices! «Guaranteed Prices + Warranties! | Free Brochures ILI | = 
EE N plana БА TOLL FREE اس‎ COMTEL ро вох 206, VAPOR CARBURETOR TRIPLES MPG. Free 
* WE'LL BEAT ANY PRICE * (1-800-231-0793) | Montpelier, VÀ 23192-0206 information. H&A, R2PS Bowling Green, MO 
Sorry no N.J. sales. Dealers Wanted. ess] 1-800-835-1222 8-5 EST vis/Mc| | 63334-9350. 
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AUTOMOBILES 


Но Twisting or Broken Fingernails! Д Є 
= 
= | i 
Ш | А ~ 
21 z: SAVE $$ 2 3 


Send heck MO with Tear, Make, Model с 


our vehicle 1 


GSH Enterprises * P.O. Box 1156 « Highland, NY 12528 


AVIATION 


Airboats. Hovercraft Plans. Propellers, Airdrives, 
Engines. Catalog $5.00. Arrowprop, 610Р, 
Meeker, OK 74855 


World 5 
Finiest | Super- -low-cost, easy construction! 
=: Е 


у —— 


Vertical foke-off « Comes one 
person в An experrmental 
ultralight «Mo license needed 


| G-1 Construction Plans: 
Only $24.75 
ЕГ 2 4-Ar. Orderline: EO} гла $3 ро й Forviga sit $6; 


ре ENLY: "T 
a PO Вох 511-4 = Fallston, MD 21047 


VORTECH, inc. 


BUILD THIS AMAZING JET 4 
IM YOUR Vim SHOP! 


TTT Jet Engine buiding 
ON LY $24. 95 ET (pulsejet & ramal) 
plus $3 pih — $ã foreign - 
| Order from Windspire 
| POBox 145 - Dept 5 
Long Green, МО. 21092 


e 1 -410-836- кер 


"OR: 1-410-692-0810 


: 123 


oin the Popular Rotorcraft Association 


Get a full year 
TiS of Rotorcraft magazine. 


$30/year in USA - 
536 in Canada 
а 


544 Elsewher 


Mail, phone ог fax to: 
PRA, Р.О. Вох 68A, Mentone, IN 45539 | 
Phonan Tax dgio ан a aig 
ойт опе - WW.pra on 


BEER/ WINEMAKING 


FREE CATALOG. Brew Quality Beer Yourself 
Easily. Call WindRiver Brewing: 1-800-266-4677 
Anytime. 


Homebrewers, FREE CATALOG. Great Begin- 
ner kits. Brewery, Box 14712, Minneapolis, MN 
55413. 800-234-0685. 


WINEMAKERS - BEERMAKERS. Free Illus- 
trated Catalog. Since 1967. 1-800-841-7404. 
KRAUS, Box 7850-N, Independence, MO 
64054. 


BETTER HEALTH 


Waterwise Purifiers... homemade distilled. 
(800) 874-9028. Box 45981, Center Hill, FL 
33514-0459 


BOATS & EQUIPMENT = 


BOAT KITS -- PLANS -- PATTERNS -- SUP- 
PLIES -- All Boat Types, Sizes. HUGE CATA- 
LOG -- $5.00. CLARKCRAFT, 16-7 Aqualane, 
Tonawanda, МҮ 14150. (716)873-2640 
www.clarkcraft.com 


BOAT PLANS- PATTERNS- KITS- 176 page 
CATALOG- $5.00. GLEN-L, Box 1804/PS8, 
9152 Rosecrans, Bellflower, CA 90707-1804. 
562-630-6258. www.glen-l.com 


INNERTUBE BOAT PLANS, seats two, motor- 
ized, Send $25.00 to: TUBE BOAT, Р.О.В. 109, 
Enon OH 45387 


BUSINESS OPPORTUNITIES 


$1,000 weekly stuffing envelopes. Receive 
$2.00 each. Rush stamped addressed enve- 
lope. Colossal Box 040215-PS, Brooklyn, NY 
11204. 


112 


BUSINESS OPPORTUNITIES 


$15,000 MONTHLY PERFECT PART TIME 
BUSINESS FREE INFORMATION 
800-455-8809 Extension 103 


$1,500/ THOUSAND Immediately. Stuffing En- 
velopes. Free Supplies. Send S.A.S.E.: J.H. 
Enterprises, Dept. PS5, 114-1027 Davie Street, 
Vancouver, В.С. V6E 4L2. 


| $3 EARTHWORM GROWERS WANTED! $$ | 
MAKE HUGE PROFITS raising Giant California Superwonms | | 
for worlds largest earthworm distributor for over & years. 
Superwormns convert garbage into rich organic fertilizer. Easy 
io raise and fast multipliers. Grow them in your own backyard, 


garage, or farm. Distributorships and Joint Venture 
Partrerszhips available. Call now for more exciting information 
on this unbelievable money making opportunity. 
SUPERWORM 
Prose (818) 363-0202 Fax (818) 360-8562 
Web Site: http://www.superworm.com 


#1 MONEY MAKER Spare Time! No selling! No | 


inventory! Publicly documented seven week 
$19,919 income! Free audio cassette and Re- 
port reveal everything. Real Money, 333-P S58, 
SW 5th Street, Grants Pass, OH 97526. 


2000% PROFITS REPRINT RIGHTS TO 750 
MANUALS, BOOKS, ON INSTANT PUB- 
LISHEH CD-ROM. (800)466-9222 EXT 7970 


FREE DETAILS 
$2100.00 Weekly using Home Answering 


Machine/ Voice Mail. Work own Hours. 
(303)402-4540 Recorded Details. 


BE A LOCKSMITH. Big money spare time or full 
time in your own business. Learn at your own 
pace in your own home. Call now for Free 
information. Foley-Belsaw 1-800-487-2100 
Ext.13068 


REPAIR CRACKED WINDSHIELDS 


Earn $90,000 Yearly Repairing 
-not replacing- 


Large Cracks in Windshields 
CALL 1-800-826-8523 
or write The Glass Mechanix Inc. 


http://www.the-glass-mechanlx.com 
4555 NW 103га Ave. * Ft. Lauderdale, FL 33351 | | 


CLOCK & WATCH REPAIR VIDEO COURSES | 


Learn Fast. Enormous Demand for these dying 
arts! Free Literature 800-853-6553 www.tas- 
cione.com 

Deregulation of Electric Utilities creates $215 
Billion Frenzy. Distributors needed. Free In- 
formation. 1-800-311-9006 


EARN BIG MONEY Owning your own intemet or 
9004 business. Call 1-888-850-6113 
wwWw.saturncommuncations.com 


FAMOUS MAILORDER MILLIONAIRE reveals 
money-making secrets! Free exciting cassette. 
Melvyn Powers, 12015 Sherman Ad., North 
Hollywood, CA 91605. 

http://www.mpowers.com 


Fire Your Boss. 800-460-6007 ID# 8907 
http://www.discovermoney.com/s/successLike 
More Info 814-833-0996 


EARN $60,000 YEARLY 


Repairing (not replaci ng) stone dam- 
aged windshields and plate glass. 
Learn how a 3 minute repair can earn 


i| you $1200/week! 


| CALL NOW! 


1-800-695-6224 | 
FREE REPORT! 


і NVS/OPTIKLEER, LYNN, MASS. 01904 


FREE GASOLINE + $500 weekly, Details: 
Stewart, Box 18906P, Corpus Christi, TX 78480 


GET PAID $268.20/ Roll Taking Easy Snap- 
shots! Film Supplied. Phototek, Box 3706-PS, 
Idyllwild, CA 92549. 909-659-9757 
Home based free enterprise! $1285 cost. Not 
MLM. Proven $100,000+ IMEDIATE INCOME. 
Recording: 1-800-322-6169 ext. 5323 


BUSINESS OPPORTUNITIES 


HYDRAULIC JACK REPAIR MANUAL AND 
CATALOG $10.00. HYDRAULIC PARTS SUP- 


PLY, 20234 SE 100th St., Sawyer, KS 67134 


MAKE A FORTUNE IN MLM Free Report shows 
you how. Call now! 1-800-656-6397 ext.497. 
www.prostepinc.com 


MANUFACTURE GIANT 6' PROJECTION 
TVs- HUGE PROFITS!!! SONY QUALITY!!! 
SIMPLE!! CATALOG $1.00. POLI-VISION 
187-PS CYPRESS, THROOP, PA 18512. 
(717)489-3292. 


MONEY MAKING MACHINE. Curbriats ma- 
chine installs beautiful concrete lawn edging. 


| Amazing profits. 801-262-7509. 


Reclaim “Scrap Gold" From Old Computers/ 
Jewelry. Free Information. (603)645-4776. 
www.tiac.net/users/quiksand/goldtek.htm 


RECORD VIDEOTAPES AT HOME! Easy | 


$1800.00 Weekly Income! Free Startup In- 
formation КИ! (205)663-9888 CMSVIDEO, 
Dept. 152, 210 Lorna Square, Birmingham, AL 
35216-5439 


BUY IT WHOLESALE 


39,457 Products, Factory Direct... TAIWAN, 
HKONG, MEXICO!! Save 500-900%... Echo, 
Box 739-C58, Shalimar, FL 32579-0739. 


CABLE EQUIPMENT | 


Ai Cable Boxes, Descramblers, Retail, 
Wholesales, Dealer Welcome Web Site at 
WWW. fbnelectronics. com 1-800-225-9756 


ALL CHIPS $9.00 -$18.00. WE HAVE QUAN- 
TITY DISCOUNTS. NO MINIMUM. CALL 
1-800-760-0555, 


. guarantee 
` * Quantity discount 
* 1-year warranty 


BEST KEPT SECRET- INCREDIBLE 
Wholesale Prices on Descramblers. CALL BUY- 
ER'S ASSOCIATES, 1-800-889-5139. 


BIG SALE!! Notch Filters $18.00. E-Z install 
test activation chips/ boards from $5.00. 
Bullet/ ID Stoppers $9.95. Name brand des- 
cramblers from $139. External activators from 
$65. DEALERS WELCOME. LET US BEAT 
YOUR BEST PRICE. 1-800-449-9189 ANY- 
TIME. SE HABLA ESPANOL 


CABLE BULLET SNOOPER GUARANTEED 
ТО PROTECT ALL YOUR CABLE 


EQUIPMENT OR YOUR MONEY BACK. 
1-800-854-1674. 


DESCRAMBLER KIT 


$14.95 


WHY PAY HUNDREDS MORE? 
1-800-752-1389 
(24 HOURS) 


| Cable 


| Dealers Test chips all models. 


CABLE EQUIPMENT 


BUY IT WHOLESALE & SAVE Bl 
ORIGINAL RFT-DAM & RFT-PLUS М 
AUTOMODE RFT-PLUS WORKS! BES 
QUALITY- NO CHEAP CLONES 888-387-124 
www.adealdu.com 


CABLE CONVERTERS. ALL MODEL 
AVAILABLE, MONEY BACK GUARANTEI 
QUALITY PRICES. T&L 1-888-823-6047. 


CABLE DESCRAMBLERS. MAJOR BRANDS 
LOWEST PRICES AROUND! PRECISIO!' 
ELECTRONICS, HOUSTON n 
1-888-691-4610 ANYTIME 


CABLE DESCRAMBLERS shop no more, be: 
prices and tech support. Open 7 Days 84 


Website at www.extremecable.cot 
1-888-609-4910 | | 
CABLE DESCRAMBLER!! ANYONE СА 


BUILD in SEVEN STEPS with RADIO SHAC 
PARTS. PLANS/ KIT from $5.00 plus РАМ 
BONUS!! 1-800-818-9103. 


CABLE DESCRAMBLER!! ANYONE СА 
BUILD in SEVEN STEPS with RADIO SHACI 
PARTS. PLANS/ KIT from $5.00 plus FRE 
BONUS!! 1-800-818-9102. 


CABLES NEWEST TECHNOLOGY!! "DE 


RAMBLES ALL FORMATS”, PANASONIC! 
UNIVERSAL BOSS#5, DEALER 
WHOLESALE LIST... MULTI-MODE TES 
CHIPS/ DIGITAL ACTIVATORS. TOLL ЕВЕ 
1-888-331-1101... 718-251-7795 


Cable test chips; Pioneer; Jerrold univers 
mode; Scientific Atlanta; Tocom; Zenith; Рюпее 
Cubes; Jerrold RFT for CFT2200; Tools; CHIP: 
& BITS, 1-800-577-5617 


CABLE TEST CUBES & Descramblers for a 
models. Multi- mode, CFT2200's, AFT- DAM": 
Call today 1-860-599-4019 * 


Cable test chips; Pioneer, Jerrold univers 
mode; Scientific Atlanta; Tocom; Zenith; Pione 
Cubes; Jerrold RFT for CFT2200; Tools; CHIP: 
& BITS, 1-800-577-5617. 


CABLE TV CONVERTERS AND DESCRAN 
BLERS. Quality service and satisfaction guai 
anteed! Visa/ MC/ Amex/ COD Accepted. Quar 
tity Discounts. Gable Linx Inc. Mpls, М 
1-800-501-0095 


CABLE T.V. CONVERTERS АМО ОЕЗСВАЙ 
BLERS. WHY RENT? CALL BASIC ELECTRI 
CAL SUPPLY. 1-800-577-8775 

T.V. Converter Accessories. Qualit 
Prices. Satisfaction Guaranteed. COD/ Vis: 
MC/ Amex. 1-800-259-1187 Eagle Electronic 


Inc. 
ڪر‎ Se چ چ ج‎ 


| CABLE T.V. CONVERTERS DESCRAM 
` BLERS, ONLY THE BEST WILL DO, UN 


CORN ELECTRONICS, NO СОП 
CHARGES, FREE SHIPPING OVER $500, 
YEAR WARRANTY, 30 DAY MONEY BACK 
CREDIT CARDS, C.O.D., MONDAY- FRIDAY 
9:00A.M.- 6:30P.M., 1-888-738-8181 


If you bu 
quantities Call us (800)479-8795 


LOADS FULL "ACTIVATION OF CABLE CONVERTER 


WE STOCK A COMPLETE LINE OF CHIPS,TOOLS, WIRELESS QUICK INSTALL TEST 

}OARDS AND DIAGNOSTIC TRANSMITTERS. WHOLESALE PRICES-DEALERS WANTED. 

'** ANYONE IMPLYING ILLEGAL USE WILL BE DENIED SALE. WE SELL PRODUCT *** 

|. ONLYI! TO QUALIFIED BENCH TECHNICIANS OR CABLE REPAIR FACILITIES! 
*LOWEST PRICE & SUPERIOR PRODUCT GUAR, BUY 5 TEST BOARDS & GET 1 FREE 
MONDAY- FRIDAY 8AM-7PM, SAT 10AM - 2PM EST. HTTP://WWW.800-GOCABLE.COM 


ABLE TV, DESCRAMBLERS, CONVERT- 
RS. QUANTITY DISCOUNTS, LOW, LOW 
RICES. 30 DAY MONEY BACK GUARAN- 
FED. CALL NOW 1-888-898-3284. SKYLAB 
ALES, INC. 


ABLE TV EQUIPMENT & ACCESSORIES 
lholesalers Welcome! 30 Day Moneyback 
uarantee! Free Catalog! PROFORMANCE 
ECTRONICS, INC. 1-800-815-1512. 


ABLE DESCRAMBLERS & TEST CHIPS. All 


‘dels... lowest prices. Available overnight. 
hipsmart, 1-800-208-2638, ТЕСН. 
54-792-7012 


 Vour Descrambler Connection * 
^ Free] ear Warranty e Free 30 Day Trial 
" Equipment Set Up Tech Line 


lealers Test chips all models. If you buy 
uantities Call us (800)479-8795 


EALERS WANTED JERROLD MULTIMODE 
ADIO FREQUENCY TESTERS. WILL BEAT 
NY PRICES 1-888-388-CUBE. 


ESCRAMBLERS, CONVERTERS. ALL OP- 
ЮМ$ EXPLAINED. BEST PRICES, SER- 
ICE, WARRANTY, FREE CATALOG. 


800-854-1674. 


ESTOS 

CARRYALL MAKES AND MODEL TEST 

* KITSLOWEST PRICES GUARANTEED. 
(АЦ TODAY: (800) 861-4969 


NOTE: ‘We do not sell Descrarmblers 
Comrerters Satelite m rn 
kind af dec 


iESCRAMBLERS... CONFUSED? We'll Ex- 


lain All Your Options. All Models Available. | 


jiality Service. Open 6 days, Mon-Sat, 9:00am 
‘00pm. ADVANCED TECHNOLOGIES 
"800-717-1575 


XTERNAL ACTIVATOR SALE!!! RFT 
.A.M., 2200 D.A.M. OR PIO ACTIVATORS 


n р в 9 
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PIONEER CABLE TV DESCRAMBLERS, 
ORIGINAL EQUIPMENT, REFURBISHED, 
READY TO GO, SATISFACTION GUARAN- 
TEED, DETAILS, CATALOG 702-642-0325 OR 
WEB: http://www.lessbusters.com 


PUZZLED ABOUT DESCRAMBLERS? WE'LL 
EXPLAIN ALL YOUR OPTIONS. WHOLESALE/ 
RETAIL. OPEN 6DAYS. BEST TECH SUP- 
PORT &FRIENDLY SERVICE. TOLL FREE 
1-888-238-0967. ROYAL ENGINEERING INC. 


SKYVISION! Your Satellite Home Entertain- 
ment Source. Best values: DBS and C/Ku- 
band equipment, including 4DTV. Most com- 
plete selection: Parts- Tools -Upgrades 
-Accessories! Free Discount Buyers Guide. 
Call 800-543-3025. International 218-739-5231 
www.Skyvision.com 


STOP HERE... WE'LL SHOW YOU THE BEST 
OPTION IN DESCRAMBLERS. ALL MODELS. 


85.00 EACH, 5 @ 75.00 EACH, 10 @ 70 | 


ACH. DEALERS WELCOME 1-800-449-9187 


OR SALE UNMODIFIED, SCREENED 10 LOT | 


БА. 5503VIP $50. JERROLD DPBBS $65. 99 
HANNEL ZENITH $59. PIONEER 5130 $50 
ALL APEX 1(800)500-9825 


REE TV CABLE CATALOG PRODUCTS & 


| 


RICING ON REVOLUTIONARY FULL VIEW- | 


IG BOXES WITH DEALERSHIP 


-800-676-6342. 

ERROLD MULTIMODE TURN ON CUBES 
ew low prices... 1/$98, 20/569, 50/$55... 

ALL NOW!! 1-800-660-CUBE 


MAY 1998 


CALL FOR FRIENDLY SERVICE & LOW 
PRICES. OPEN 9-8 MON. - SAT. GATOR 
ELECTRONICS 1-800-238-0118. 


CABLE T.V. 


CONVERTERS & EQUIPMENT 
LATEST TECHNOLOGIES AVAILABLE 


„30 Day а Back Guarantee 


> True Value Engineering 
^ 1-888 828-7712 


Kx C 


TECH SUPPORT ELECTRONICS 
1-888-273-1349. Basic cable TV converters, 
personal security equipment. Money- back guar. 
Free catalog. 


TRI CITY VIDEO 
CONVERTERS/ EQUIPMENT DIRECT 
WHOLESALE PRICES. 1-800-582-0989 


UNIVERSAL CABLE CONVERTERS WITH 
REMOTE. 30 DAY MONEY BACK GUAR- 
ANTEE. DEALERS WELCOME. 1-800-538- 
CABLE 


CABLE CONVERTERS/DESCRAMBLERS 


IS NOW SELLING 
AT 


*Tocom™ * Jerrold™ * Scientific Atlanta™ * Pioneer" 
“WE SERVICE PRIVATELY OWNED CABLE CONVERTERS” 
(219) 935-4128 
Sorry, no IN, NY, or NJ Soles 
NATIONAL CABLE BROKERS 


` | 1801 W. Jefferson St., Plymouth, IN 46563 


ZENITH Z-TAC converter descramblers, St- 
16XXX compatible, $150.00 BELOW 
WHOLESALE, 
PONDEROSA COMPANY 


free catalog, (719)661-1659, 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 
REFILL IT | CANON” | 

SAVE OVER 75% |“ 

| | LASER PRINTERS | 


ы E NE bx 
= 


CABLE EQUIPMENT | CATALOGS | DO-IT-YOURSELF 


ADVANCED SCIENCES 
“25th Century Technology Today” Do it yourself 
it's easy 
Complete kil inclidien 
a Toner Recharger 

* Haplacerment feit 

в Ireetructions = | «чь 


MORACK ————/ 
EATER Order or Information 
$132 Windsor es ocu 590450 
Palos Hilis IL 60465 ЖЕ FAX | 


Time Travel - Invisibility - Levitation - Mind 


Machines - Antigravity - Hidden Technology, 
Courses - - Hundreds of Products !!! 
Huge Catalogue $4.00 


Р.О. Box 2917-P, Palm Springs, СА .92263 | 
Phone (760) 327-7355, Vs, Mc, Amex 


CONTACT LENSES 


CONTACT LENSES. Absolute lowest prices on 
your contact lenses. Guaranteed. Call 1-800- 
CONTACTS. 


DO-IT-YOURSELF 


Automate your home with Mountain Micro 
Control's PC Controller Board 13 
www.mtnmicro.com 

А BATTERIES INCLUDED 


BUGGED? PHONE TAPPED? FREE Catalog | 
of Counter-Surveillance Equipment tells you LAPN&S Most Versatile... 5mw equiv 2000 ft... $ 
LAPN&3 Brightest..........30rw equiv 3000 п deus 


Fast! (800) 732-5000 LAPNGSS Smallest апа! lo wes! prog astic 


" ELECTRONIC DEVICES 


EAR WARRANTEE р 


SURVEILLANCE HIDDEN CAMERAS 
DIRECT FROM MANUFACTURER-BEST PRICE IN THE MARKET 


Ultra miniature hidden camera. in dome, ое o 
motion detector . B/W or Color. Wide view angle, Low 
ight sensitivity + super sharp Images, plus video output, | 
From $159.00, Also 1/3° BAY board Camems.wimic, only 
| $99.00 USD. Wireless hidden camera, start ûf only 
$249.00 USD. Plus $5.95 for S/H. WholeRetal Welcome. | 
~ COD. Check, Money Qedar or VAMC. | 


BOLIDE INTERNATIONAL CORPORATION 
РН: (800) 355-0895 or (618) 575-8178 
9660 Flair Drive #318, El Monte, СА 91731 


Е: http: И. | balideamazingpreducts.ci com; 


& Light Designs. Visible and Dashed vr 
S gr Deis V Patterns and ас 

Fits on Your Key Chain а 
Includes 3 1544 Batteries 

Produce a Small Light Show! 


LAPNASPT. 15 mw equivadé70nm 


LISTEN TO CORDLESS PHONES, CELLU- 
LAR & More. Modified hand-held scanner re- 
ceives all. Frequency List included $179.00. 30 
day trial. 6 month warranty. MC/ VISA/ COD. 
(314)569-1860. Confidential- or Trunktracker 
$259.00 


Aim atr Window and Listen fo 
Sounds From Reflected Light. Inel uges Hign 
Performance Optical Rec ever onc Vi sible 
Laser, CAUTION-NOT FOR ILLEGAL LISTENING 


[WBS Pians- Creditable to howre purchase ......920.00 
LWB5K Kit/Plans- includes working laser....... $149.50 
LWESO Ready to Use- Requir es Alignment... 9199.50 | 


ELECTRONIC HYPNOSIS 
AND MIND CONTROL 


Generates Highly Effective / ^w HEADSETS INCLUDED 
Audible and Visual Stimuli With 
Bio-Feedback That Can induce 

Hypnotic as Well as ALPHA 

Relaxed States of the Mind 

Place Subiect © Under Your 

Cont rol. Enhances Hidden 

PSYCHIC Ability in Many People! 
MIND/SYNCRI Plon 

MIND2K/5YNCRITK КИ and Plans... 
MIND20/5YNCRIO Ready to Usa (req minor сеху)... 


UNUSUAL PUBLICATIONS! Strange stuff! 
Weird plans! FREE catalog 185+ amazing pub- 
lications! Electromart, Box 4-P, Carthage, TX 
75633-0004. 


TELEPHONE LISTENING DEVICE 


W/12 HR. RECORDER 
Automatically record all 
А incoming and outgoing calls! 
$99.95 + 7.00 SH. 
Telephone Listening Device 
$19.95 + $2.00 sh. M 


IN FORMA TION UNLIMITED 
PO BOY 716 AMHERST NH USA 03031 
ORDERS ОМІҮ...24 HRS... 
TECH LINE..9 to 12 EST 
FAX IT LINE........24 HRS... 


 Transmits tb any FM radio up to ' mi. Easy tn 
assemble kit. Up tn ЭМ (not incl) $29.95 -$2 sh 
For comprehensive 50 page catalog of Micro 
Video VHF Transmitters, Surveillance & Counter- 
Survedlance and much more! Send $3.00 
Call 407-725-1000. COD's OK 


1 800 221 1705 
1 603 573 4730 
‚1 603 672 5406 


USI CORP 
РО. Box PS2052 Melbourne, FL 32902 


We Accept Cash, MO, CHE CK.! С. VISA, 
lOverseas Customers Please Add 50% Shipping 


W Cars, Trucks, Boats, 
RV's, Motorcycles, Pools, Machinery. z go E 
Great for Workshops. Paintbooths, p а 
Sandblasting, Camp or Temporary 
Shelter Government & Industrial 
Contracts, Greenhouses & More 
Covers to 20 years. 
from 5' to 60 w, up to 30'h, 
Any Length 
Galvanized Steel 
Durable Cover & Zipper Door. 
ice, Rain, High е E. - 
Winds, Sun, Sap & Heavy Snow! л? | - 
Assembly & Anchoring 00 cM 


SHIPPED TO YOUR DOOR! bo шш onda 
DEALERS WANTED! 2 YEAR WARRANTY 
30 DAY MONEY BACK GUARANTEED!" 


"Ask lor Details 


Е 
с: 
ai jor 90 BAYS d 
gp "ү 


Pu. a 


INSTANT GARAGES | 
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DO-IT-YOURSELF 


UPHOLSTERY TRAINING VIDEOS. FREE 
BROCHURE. VUE, BOX 128Р5, El VERANO, 
CA 95433 800-635-3493 
http://www.upholster.com/vue 


EDUCATION & INSTRUCTION 


ACCREDITED B.S AND M.S. IN COMPUTER 
SCIENCE THROUGH DISTANCE EDUCA- 
TION. 
courses in Java, Networking, HTML, MIS. Free 
cat. 1-800-767-2427, http://www.aics.edu 


AMERICAN INSTITUTE FOR COMPUTER SCI- | 


ENCES 


CASINO RESEARCH TEAM discovers abso- 
lutely proven system. Verifiable $600» daily. 
Literature: 1-800-341-5446 


COLUMBIA SOUTHERN UNIVERSITY. Ac- 
credited External BS/MS/PhD. Programs, Credit 
Life Experience. Free Catalog 1-800-977-8449, 
x504 


LEARN AT HOME! QUICK & EASY! AP- 
PRAISAL, HOME INSPECTION, CONTRAC- 
TOR & BOOKKEEPING. LEARN AT YOUH 
OWN PACE. COLLEGE LEVEL HOME STUDY 
COURSES. LOWEST PRICE GUARANTEED. 
ALLIED SCHOOLS, LAGUNA HILLS, CA. CALL 
TOLL FREE 1-888-925-4275 
www.alliedschools.com 


PARALEGAL GRADED CURRICULUM. Ар- 
proved Home Study. Affordable and Compre- 
hensive. 100 years of legal training. Free catalog 
(800-826-9228) Blackstone School of Law, Р.О. 
Вох 701449, Department PS, Dallas, TX 75370. 


Ph.D's $179.00, M.A.'s $139.75, B.A.'s $99.75, 


FOR FREE INFORMATION, CALL 
1-800-689-5102 
http://www.americancollege.com 


EMPLOYMENT 


INFORMATION 


$329.84 Weekly Assembling Our Products At 
Home. Toll Free 1-800-460-WABC, Ext.1292 
(Message). 


EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS АТ HOME. TOLL FREE 
1-800-467-5566, EXT. 8068. 


HELP WANTED 


EARN MONEY. Reading books! $30,000 / yr 
income potential. Details. 1-800-513-4343 Ext. 
Y-20025. 


GOVERNMENT JOBS NOW HIRING from 
$16,000- $68,000. Call 1-800-883-0819 ext. 
J-135 for current list. 


GREAT EXTRA INCOME IDEA! ASSEMBLE 
PRODUCTS АТ HOME! CALL NOW: 
1-800-377-6000 ext.6050. 


HOME TYPISTS, PC users needed. $45,000 
income potential. Call 1-800-513-4343. Ext. 
B-20025 


EYE CARE 


NEARSIGHTEDNESS CURE! Radical, new, 


breakthrough. Easy, do- it- yourself method. 


Free brochure: (403)568-2137. 


ASSEMBLE YOUR OWN EYEWEAR AND 
SAVE BIG $$$. Easier than you think. We 
supply the lenses and step- by- step instructions. 
Free Brochure. 800-465-2942... Custom- Cast, 
3800 Old Cheney Rd. 4101-193 Lincoln, NE 
68516 

www.customcastlens.com 


FINANCIAL 


FREE CASH GRANTS! College. Scholarships. 
Business. Medical bills. Never Repay. Toll Free 
1-800-218-9000 Ext. G-6586 


FREE CASH GRANTS -Never Repay! Millions 
available from foundations for Business, Medi- 
cal, Debt Consolidation, Education. Call for free 
information: 1-800-418-9941 
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Object oriented B.S. program. Mew | 


FREE MONEY. NEVER REPAY GRANTS FOR 
ANY PURPOSE. FREE INFORMATION PACK- 
AGE. 1-818-377-5229. 


MAXED OUT CREDIT CARDS? Reduce pay- 
ments and interest. NO FEE. Fast- EZ- Con- 
fidential. Genus Nonprofit. 1-888-436-8721 toll- 
free. (1014) 


MONEY AVAILABLE NOW! Let the Government 
Finance your business idea. Satisfaction Guar- 
anteed! 1-800-226-3601, ext.BF6050 


MONEY SUPERMARKET! Loans- Any Reason, 
Any Amount! Credit No Problem! 72 Hour 
Processing! Brokers Needed! 800-399-7197 
X313 


MONEY TROUBLES? OVERDUE BILLS? RE- 
DUCE INTEREST, CUT PAYMENTS, RE- 
STORE CREDIT, CALL 1-800-SAVE-ME-2. 


OVERDUE BILLS? 1-800-788-1141. Bad cred- 
its no problem! Licensed/Bonded since 1977. 
Applications to $50,000. Not loan company. 
Town & Country Acceptance. 


FOREIGN NEWSPAPERS 


WORLDWIDE ENGLISH NEWSPAPERS/ 
MAGAZINES! SAMPLER: 3/$3.98 FREE BRO- 
CHURE. MULTINEWSPAPERS, Box 866-35, 
Dana Point, CA 92629 


FOR INVENTORS 


WORK DIRECTLY WITH 
REGISTERED PATENT ATTORNEY 
& DEGREED ENGINEER 
36 YRS COMBINED ENGINEERING & 
PATENT EXPERIENCE 
U.S. & FOREIGN PATENTS 
PATENT AND DEVELOP IDEAS WITH 
THE EXPERIENCE OF AN EXPERT. 
FREE 228 PAGE BROCHURE. 
CONFIDENTIAL ADVICE AND FORMS. 
INTRODUCTION TO INDUSTRY, 


MARKETING PLANS, OFFSHORE 
PRODUCTION & PROTOTYPES 


Also Specializing in Copyrights & Trademarks 
| Associates located near Patent Office 
CREDIT CARDS ACCEPTED • OPEN 24 HOURS 


MICHAEL 1. KROLL 


REGISTERED PATENT ATTORNEY 
US PATENT REGISTRATION 126,755 | 
171 STILLWELL LA., SYOSSET, NY 11791 


TOLL FREE US/CANADA 800-367-7774 


Toll Free FAX - US & Canada 800-367-7773 | 
International Phone/Fax 516-692-2795 


Internet-http:// invention.com 
E-Mail: patent @ invention.com 


BORSARI & Associates, provides professional 
patent and trademark services. For our in- 
ventor's package, call 800-225-2462. 


DEAL DIRECTLY WITH REGISTERED PAT- 
ENT AGENT and qualified U.S. Patent Office 
Examiner. DON'T BE FOOLED BY PHONIES. 
Free patent information- "Patent, Develop, Mar- 
ket Your Invention." Richard L. Miller, 12 Park- 
side Drive, Suite-N, Dix Hills, NY 11746-4879. 
(516)499-4343, 1-800-242-9853, 
HTTPJ/ANWW.INVENTGOLD.COM 


| Havea Bright Idea? 
Now OWN IT for only $129 
Created By Gene Scott, Registered Patent Agent || 
and Founder/Chairman of INVENTORS FORUM 
е Provides "patent 
pending" status 
* Easy, quick to do 
* Avoids attorney fees 
» Filing fee only $75 
Do-It-Yourself ACTION КІТ" 
Provisional Patent Application 
(Congress' June“95 simplified application) 
Kit incs. Video, Workbook, Examples and Forms 
Fatent Law &Venture Croup 
1-800-7-4-РАТЕМТ * 1-800-747-2836 


DON'T BE FOOLED! CALL OUR INVENTORS 
CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793 


FOR A FREE INFORMATION PACKAGE on 
our new product development services, call: 
1-800-577-6382. 


FREE help for inventors! Мо charge for protec- 


tion forms and information kit. Affiliated In- 
ventors Foundation. 1-800-525-5885 


GIVE YOUR INVENTION А CHANCE!! 


Do you need a patent search? Do you need а patent 
application? Do you need industry presentation for 
licensing? Do you want free information on your inven- 
tion's market? Do you want personal, friendly service? 


Do you want experienced people handling your invention? 
| Do you want Affordable Quality ^ and a company with 
integrity? CALL FOR FREE INFORMATION. 


THE FRANKLIN FORGE 1-800-501-2252 


FREE MARKETING. Engineered prototypes. 
Licensing industrywide. PATENT PENDING, 
thirty days GUARANTEED. 1-800-841-1708 


Got a Great Idea? You need INVENTOR'S 
DIGEST! Answers ALL your questions! $22/ yr. 
1-800-838-8808 


Inventions/ new products. ISC, America's 
leading invention firm, helps submit to com- 
panies. Patent Services. 1-800-288-IDEA. 


INVENTORS: Free information book and forms, 
experienced patent attorney in Washington 
area. 800-876-6670, J.P. Halvonik 


INVENTORS - NEVER SEND IDEAS TO 
STRANGERS! LEARN AFFORDABLE 
PROTECTION/ MARKETING METHOD- NON- 
PROFIT ORGANIZATION. FREE INFORMA- 
TION: 1-800-846-3228. 


PATENT APPLICATIONS írom $495 (Design), 
$750 (Utility). Free estimates, prompt service. 
800-548-3721. 


REGISTERED PATENT ATTORNEY. Former 
patent examiner. 31 years experience. Donald 


| Kettlestrings. 1-800-966-7577. 


5.E.L.L. YOUR IDEA..... Free info. on Patents, 
Licensing, Marketing, based on 25 yrs Exp. 
Harshaw Research 800-451-1326 


United States Innovations for inventors by in- 
ventors. Honesty integrity know how. Patent/ 
marketing help. 1-800-231-9543 


Franchise 
your bu ss? 


Call for information on franchising and 


“Franchise Your Business!" seminars 
scheduled throughout the country 


Spaciaiiats in Franchise Development POPS 


1-800-FRANCHISE (1-800-372-6244) 


GIFT IDEAS 


Golfers! Birthday crafted golf themed belt | 
buckle. Great gift. $15.95 plus $4.00 s/h. Vaxx- 
Bellamy, 2740 Greenbriar Pkwy, Suite A-3261, 


Atlanta, GA 30331. Guaranteed 


HEARING AIDS 


Hearing Aids. Deal Direct, save hundreds, | 


free trial. 1-800-641-4327. True Sound. FREE 
Info. 


HEARING AIDS- FREE CATALOG. Top name 
brands, all styles, POWERFUL CUSTOM AIDS, 
REPAIR SERVICE. SAVE 1/2 or more. Power 
Hearing, Box 31, Alpine NY 14805 
1-800-260-4135 www.powerhearing.com 


ITE Hearing Aid Repairs $59.95 «tax (most 
models). Call 1-800-253-9462 for details. 


HEARING AIDS- GUARANTEED LOWE: 
PRICES! No huge commissions. Home U 
terms. All makes. We're the oldest, bigge 
best. Custom instrument specialists. Free. | 
formation, (800) 323-1212. Lloyds - PSC. 


FREE CATALOG! 
New apd, Aids 


MINI Cı КАНА Р ае 


ө 45 Day Ша! eHuge е8 
TRY BEFORE YOU BUY! 
1-800-320-3300 EXT R314 
Write: RHODES HEARING 
201R31 Ohlo St., 
[ port, IL 62910 © 


HOME AUTOMATION 


Make Your Home Smart. DIY automated co 
trol of your home. Touchscreens, X10 switche 
Audio/Video control, security & surveillanc 
HVAC. Thousands of products. Free 144 pa 
color catalog 800-SMARTHOME. 
www.smarthome.com 


E INVENTIONS WANTED 


INVENTORS: Apply for a Patent. Free informi 
tion kit. 800-846-8368. 


Inventors: Free information tells How to off, 
your invention for sale, license. Kessler Со? 
43 years 1-800-537-1133 or dicklw & aol.com 


BOOMERANGS! HIP-TECH DESIGNS 
Amazing Returns. FREE Catalo 
BoomerangMan, 1806-2 N. 3rd, Monro 
LA 71201-4222. bmanrich & iamerica.net 


"KITES 


FREE COLOR CATALOG 
Choose from over 200 kites. 
. Many unusual & innovative designs. 
| Call or write for your catalog today! 


1 Into The Wind * [800] 541-0314 
pee Pearl St., Boulder, CO 80302 
| — | 5,70 B8 3H (m — B Е 


MAGIC/NOVELTIES 


PROFESSIONAL MAGIC! Huge Catalog, ов 
1,000 Tricks and Books. $6.00. Hank Le 
Magic Factory, Dept. PS5, 127 South Strell 
Boston, Massachusetts 02111 


MATTRESSES 


Clinically Proven Better Sleep, Patent: 
Memory Foam/ Leverspring Mattress. Deale 
Nationwide: 1-800-457-6442 www.Suppli 
Pedic.com 4 


MONEYMAKING 


OPPORTUNITIES 


CRAPS! Amazing, revolutionary system. Thoi 
sands of satisfied customers. Free recorde 
information. 1-800-217-7711. 


NEW PRODUCTS 


CAD Build It Yoursel 

LOADER ice" 
Loader 

Buy Plans & Video. 

Build for under $700 with Ew -- 

available Kits for your garden cw maa 

tractor. No machining. 


Free 
ш Brochure 


PO. Box 608, Dept. 5 • Daleville, МА 24083 * 1-800-817-5267 
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OF INTEREST ТО ALL SATELLITE TV 


EE copy of TIME TRAVEL magazine. Elec- 
ying articles. Write: 115 Riverbirch Cres., 
=., Calgary, Canada, T2C3M1 


(OW TALLER! FREE REPORT. SHARP 


BS , 100 New State Hgwy, Raynham, MA | 


FOr 


orkling & Scuba Divers-- for the ultimate in 
Jerwater visual correction, contact http:// 
'w.scubaspec.com or call 1-800-457-5155 


LANS/KITS/BLUEPRINTS 
me Homes - Pre-cut kits - Superinsulated - 


me Tour Video - Natural Spaces 
00- 733-7107. 


PLASTICS 


SIN CASTING and Mold Making Supplies. 
produce your own designs or parts no longer 
ailable. Polyester resins, fillers, colors, sili- 
ve rubbers, Catalog $3.00. CASTOLITE, 
pt. 98E/PS, 4915 Dean, Woodstock, IL 60098 


bber, plastic compounds, techniques, 
irces. Free information: Castcraft, Box 
)00(У98), Memphis, TN 38187-1000. 


REAL ESTATE 


.RGAIN HOMES - Foreclosed, HUD, VA, S&L 
lout properties. Low Down. Fantastic sav- 
s. Call 1-800-513-4343 Ext. H-20025 for list. 


ONTANA & WYOMING 


reas, Creeks and Wildlife. 35 acres starting at | 
nly $14,900. Many other properties and sizes 
vailable. Easy Owner Financing. No Time пи 
uarantee. Warranty Deed. Guaranteed Access. 
‘all today for free information & photos. 

Rocky Mountain Timberlands 
1315 East Main • Dept. PS, Р.О. Box 1153 
Bozeman, MT 58771-1153 • (406) 5B6-B088 


за! Toll Free: 1-800-682-8088 


\LIFORNIA. Acreage. Lots $50 down. $50 
inthly. 4602 Ethel Ave., Sherman Oaks, СА 
123 


)V'T FORECLOSED homes from pennies on 
. Deliquent Tax, Repo's, REO's. Your Area. 
| Free 1-800-218-9000, Ext. Н-6586 for cur- 
it listings. 


OVERNMENT LAND. 


-160 acre claim program still available, get yours tor 
0 government fee, in AK, AZ, AR, CA, CO, ID, MT, 
/, NM, OR, UT, WA, W'Y. For complete, step-by-step | 
ickage including maps. telephone helpline, filing 
ms, etc. send $20; or for more information send $3. 
JBLIC LANDS TITLE, PO Box 2945-Р5 Port 
geles, WA 98362-0336 (this is not Homesteading, 
; much easier and only costs $1. per acra). 
http: /^www.alypen. com/publiclands/ 


)V'T FORECLOSED HOMES. Pennie on $1. 
x Repo's, FDIC, VA, RECD, HUD, Local 
ings. 1-800-883-0819, ext H1350 


REMAILING SERVICES 


INFIDENTIAL ADDRESS. FORWARDING 
JRLDWIDE. VOICEMAIL. MAILPOST, 
21PS Pratt, Chicago, Illinois 60645, 
5-764-0100, 800-890-3199 
D://www.netcom.com/-mailpost 


s KS BIKE e PLENE * 
. UES E HK 


ДИЗЕ E (Ес а F 
SATELLITE TV 
5 TEST CARD INFORMATION, PLUS 


)JFTWARE. CALL BOXCOM 
100-856-255836t. 3080 
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DSS TEST CARD authorizes all channels. For 
information call toll free 1-888-416-7296 


SEE WORLD 
800-435-2808 


DISH NETWORK 


Complete System || 


OINJLIYMSI1/8]9 
SPREE INSTALL RIT 
SPREE SHIPPING 
30 DAY * BACK GUARANTEE 


FREE DSS TEST CARD information package. 
Turns on all channels. Write SIGNAL SOLU- 
TIONS, 2711 Buford Ad., Suite 180, Richmond, 
VA 23235 


KEEP YOUR C-BAND SYSTEM | 


BEST VALUES ОМ... 

* Receivers, including 4DTV 

* Dish Movers & LNBs, all kinds 

® Tune-up Kits, Tools & Parts 

* Skypac* Programming 

* Toll Free Technical Help 
Fax: 218-739-4879 |, ы e 
Intl: 218-739-5231 ELIS Falls, МЫ 56537 


800.3423025 AP 


NEW DISH NETWORK receiver with smart 
access card will deliver FREE digital video and 
audio. Send $20 certified check or MO to: New 
Technology, PO Box 15, Homer City, PA 15748, 
1 year guarantee $20 refund with order. 


SATELLITE TELEVISION PAYS! Minidish 
sales force needed. STAR VISION DIRECT. 
1-800-899-9707, Bam - 10pm Pacific. 


DESCRAMBLED DSS 
The Onginal, mos! complete, up-lo-dale, siep-by-siep. affe 
DSS Тей/Мхсен Card Information Package available IE: 
Don't be fooled by overpriced / low quality reprints 

| 30+ poges - Everything you need - GUARANTEED w* 


Send $20.00 to: Р.О. Box 271 2-P8. 
| De Воуее Fremont, СА 94536 


Scrambling News. Best satellite news source 
covers piracy. www.scramblingnews.com 
Free catalog. 716-283-6910 - 


SCIENCE & CHEMISTRY 


"EXPERIMENTERS" - CHEMICALS - APPARA- 
TUS - GLASSWARE. CATALOG  $2.00- 
ESTABLISHED 1953. HAGENOW  LAB- 
ORATORIES, 1302 WASHINGTON, 
MANITOWOC, WI 54220 


LABORATORY CHEMICALS, GLASSWARE, 


INSTRUMENTS, STUDENT KITS, 240 PAGE 
CATALOG $5.00. (REFUNDABLE!) ADVANCE 


SCIENTIFIC, 2345 S.W. 34TH STREET, FORT 
LAUDERDALE, FL 33312. (854)327-0900 


MAKE YOUR OWN ROCKET MOTORS!!! 
HOMEMADE . FUELS,"CHEMICALS", Lab 
Glassware, Acids, Supplies, Instructional Books, 
Etc, "HUGE CATALOG" $2.00. PYROTEK, P.O. 
BOX 300, SWEET VALLEY, PA 18656. 
(717)256-3087. 


TELESCOPES, MICROSCOPES, BINOCU- 
LARS, SCIENTIFIC/ EDUCATIONAL SUP- 
PLIES, NIGHTVISION, RIFLE SCOPES, RAN- 
GEFINDERS, METAL DETECTORS... KENIN 
SCIENTIFIC DIS 1-800-600-6291 


SCIENCE & HOBBIES 


SOLAR WATER HEATERS 


SOLAR WATER HEATER ONLY $895! FREE 
DELIVERY! ADVANCED DESIGN, EASY IN- 
STALLATION. 

WWW.NBBD.COM/OUT/ASN 


SPACE RELATED PRODUCTS 


Houston's Space Place. Space Related Gifts, | 


Models, Toys, Patches, Videos, Software, 
Coins. FREE Catalog. HSP РОВ 7055 
Huntsville, AL 35807 


SECURITY/SURVEILLANCE 


Surveillance Equipment, Night Vision Telephone 
Security, Counter - surveillance, Miniature Cam- 
eras Over 300 Products www.spybase.com 
800-570-5562 


TELEPHONE TRANSMITTER KIT 


3 | | ONLY 
a $19.95 


VERY POWERFUL, Trasnmits telephone 
conversation to any FM radio up to 1/4 
mile away easy ass. kit no batteries req. 
CALL 850-785-9681 OR SEND TO SPY SHOP 
P.O. BOX 6703 PANAMA CITY FL. 32404 


NEW electronic device detects 
| ALL surveillance cameras and 
hidden camcorders in walls, 

clocks, lamps. ANYWHERE! 


PROTECT YOUR PRIVACY! Pass the CD-2 near 
any suspect objects and this handheld locator 
INSTANTLY alerts you to ANY video camera! 
30 DAY MONEYBACK GUARANTEE 


VISA, MIC, CK, MO, COD. Add 4.50 S&H by UPS. 
DECO. Box 607, Bedford Hills, NY 10507 
ORDER 1-888-DECO-1998 24HOURS 


Ultra-Miniature Pinhole Camera 
$159" «Hidden Video «Shotgun 
Mics «Vehicle Tracking *Voice 
Changers *Bug/Phone Tap 
Detectors *10 Hour Telephone 
Recorder $139” *16 Hour 
Telephone Recorder $199” 
*Locksmithing *And Much Моге 


STAMP COLLECTING 


FREE LIST, MAIL-BIDS, DISCOUNT STAMPS, 
PACKETS. IVA, BOX 197-B, HANFORD, CA 
93232 


MAKE MONEY COLLECTING STAMPS. 
GUIDE SHOWS HOW/ WHERE TO BUY/ SELL. 
SATISFACTION GUARANTEED. SEND $4.00 
#МО-60С$. MESA, DEPT.PS, 5635 Ringwood, 
Baltimore, MD 212271 


Penny Stamp Approvals, Regardless Catalog. 


Kloster 18289 Bunny Drive, Jamul, CA 91935. 


TELECOMMUNICATIONS 


УГ, HOG PHO 


k ' MILE - 90 MILES! 


* Save on Expensive Cellular Airtime! 


* Use Your Existing Phone Lines 
* Complete Systems ise at 5495 EXPORT ONLY 


We ale have А ATA&T Video rn d 
Ct nes for Any System in the 


800 500 6999 • ‚ 610 388 3855 


ALL info online - www.Acellular.com 


TOOLS & MACHINERY 


4" Metal Cutting Lathe $137.75. Taig, 12419 
Nightingale Lane, Chandler, AZ 85249. 


BOLTS, SCREWS, TOOLS, WHOLESALE, DI- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot, Dept. 33, Box 65, Bristol, WI 53104. 


Ask Гог Free Catalog 


ТЕ T 
[ПЁ 


*Starting at $ 410 
‘Mills *Metals *Books 
| *Precision Instruments 
Free Catalog 
1-937-322-8502 
CAMPBELL TOOLS COMPANY 
2100-P Selma Rd., Springfield,OH 45505 


TRUCK OR VAN DRAWER PLANS 
Easy Roli Out Drawer 


Ideal for Service People, Contractairs and Tail Gaters 
Build it or Boy а Kit * Info & Photo's $3.00 
В.В. MAC'S • 55 Nathans La, Madison, Ct 06443-2168 


UNUSUAL ITEMS. 


| FREE C CONSPIRACY NEWSLETTER: Military’ 
|, СА deceptions. 
| "Extraterrestrials/ UFOs." 


World Order. 
Black Helicopters. 


New 


1-800-700-4024. 


WATER PURIFICATION 


Electronic Softening & Descaling, uses no 
chemicals, installs without plumbing work, 
moneyback guaranteed performance, $399.95 + 
shipping. EcoSoft Engineering 1-800-275-7070 


| FREE Waterwise Catalog 
| 1.800.874.9028 Fax 352.787.8123 
| http://www.waterwise.com 


"НЕ Frequency 1990 = 2700 МЫ: 
* Cable Ready - m - WHF Outputs 
SASE For "FREE" Catalog or Send $ 


Firag PHILLIPS. TECH ELECTRONICS 


РО Box 8533 * Scottsdale, AZ 85252 


CHALLENGER SYSTEM ORDER LINE 800-880-MMDS 
complete nd $250 CATALOG/INFO 602-947-7700 
A 


5 Year Warranty X LINE 602-947-7799 
FREE SHIPPING Visa MIC * Amx • Disc * COD's * Qty Pricing 


Popular Science reserves the right to 
refuse any advertising order. Only 
publication of an advertisement shall 
constitute final acceptance of an 
order. Publication does not 
constitute an agreement for Î 


continued publication. All orders | 
are subject to the applicable rate 
card, copies of which are available | 
upon written request sent to the 
address provided. 
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SAMPLING 


7  Radialsfor 
_ Safer Driving 


FE RVING on rain-slicked roads, the steel- 
{ belted radial is not part of the problem, it's part 
“of the solution, ме reported. The radial, which has more 
ts components. (above) than other tires, offers more tire to 
` grip the road than conventional tires and permits more 
| aggressive tread patterns without loss of tire life, we 
said. Next year, most autos will have steel-belted radials 
as standard or optional, w we predicted: “We recommend 
enm for all cars, even older models. Tae 1 973. 


| t 
ARKI 


Studying Snowflakes 


Г! PHOTOMICROSCOPES find two that 


UE made possible more correspond 
detailed studies of snow- exactly.” 
flakes. Examination of the —May 1898 
internal structure not only The coau- 
revealed new and greater el- ' thor of this 


egance of form, but "from 
these delicate and exquisite 
figures may be learned much 
of the history of each crys- 
tal, and the changes through 
which it has passed on its 
journey through cloudland." 
Though it is easy to spot 
crystals that are nearly the 
same, "it is impossible to 


story was W.A. 
"Snowflake" Bentley, who : 
took more than 5,500 photos | 
of snowflakes, including 
those shown here. Many of | 
Bentley's photos are on dis- | 
| play at the Jericho, Vermont, | 
Historical Society. For more | 
information about snow- | 
flakes, see FYI in this issue. ^ : 
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Roswell Explained 


Ti] TWENTY MILES above Earth, 
ШШШ the U.S. Navy began hanging 
laboratories in space. And, we specu- 
lated, these white specks in the sky 
might also be the source of wide- 
spread flying-saucer stories: “Опе 
sure-fire flying saucer that fell to 
Earth in New Mexico turned out to 
be a weather balloon." —May 1948 
The flying saucer reference was to the infamous incident 
at Roswell. One day after the local newspaper ran the eye- 
popping headline "RAAF Captures Flying Saucer on Ranch in 
Roswell Region," a retraction appeared explaining that the 
saucer was a weather balloon ["Fifty Years After Roswell, " 
June '97]. Some skeptics still refuse to buy the explanation. 


tre Seereit Balloons 
the Figing Saucers? 
ый e. 
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5 YEARS OF POPULAR SCIENCE 


Will Rogers, Scientist 


Р) AFTER SEEING THE cowboy comedian in the 
ШШШ Ziegfeld Follies and hearing his observa- 
tions on what makes people laugh and to what 
benefit, we concluded, “He is an honest-to- 
goodness scientist: He systematically studies 
the faces in his audiences to find out why they 
laugh and how to make them laugh. And his 
conclusions [that laughter helps 
people “keep their minds and 
bodies in good running order] 
corroborate in a valuable and 
practical way the most recent 
scientific theones.”—May 1923 
The health benefits of 

laughter have become well dis- 
cussed. For example, William Fry, a 
psychiatrist from Stanford Univer- 
sity, claims that laughing 100 times a day will 
tone you up as much as if you had spent 15 min- 
utes pedaling a stationary bike. "The stimulation 
of laughter increases our circulation, because of | 
its effect on the heart and blood pressure," he says in a study | 
published їп the American Psychological Association's Monitor. 


| 
| 


Mom and Baby Hippo 


ПЕРТ] FRANK BUCKLAND con- 
ШШШ tinued his accounts of 
unusual animals [Looking 
Back, April] with his descrip- 
tions of a mother and baby 


AGO 


hippopotamus at the London ' massive body underwater. $ 
Zoological Gardens. Look at The nostrils are each provided | 
the engraving, he told read- ı with a "wonderful valve" so | 


that the hippo can open his 
nose to breath or close them 
when submerged to keep 
water out.—May 1873 


ers, and observe that the nos- 
trils, eyes, and ears are at the 
same level, making it easier 
for the creature to keep his 
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YOU'LL BE THE ONE OTHERS LOOK TO. YOU WILL BE A LEADER. 


BE ALL YOU CAN BE. 
ан РР РЬ. ИИА 
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CALL 1-800-USA-ARMY ммм. доагму. сот 


UT 


[magine zx seoks, front row, center. 
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Mercury Grand Marquis < 


| Ma д he yourselt Un б ГИ егиу (2 At Mercury, we believe you should enjoy yourself 


on the way to enjoying yourself. Thats why we've 
created cars like the new Grand Marquis with the 
PrecisionIrac™ suspension system to give you 
improved handling and a smoother ride. We also 
made it incredibly luxurious to make sure your 
guests enjoy the journey. Call | 800 446-8888 or 
visit our web site at ww wumercuryvehicles.com. 


